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HISTORICAL  INTRODUCTION. 

(1). 

The  discovery  by  M,  Traube    of  the  artificial  prep- 
aration of  semi -permeable  niembranes  led,  ten  years  later, 

to  the  classic  quantitative  measurements  carried  out  by 

(2)  (3) 

V/,  Pfeffer,   upon  which  Van't  Hoff  based  the  brilliant  gen- 
eralizations presented  in  his  epoch  making  paper,  "Die 
Rolle  des  osmotischen  Druckes  in  der  Analogie  zwischen 
Losttngen  und  Gasen, "   The  conclusions  of  Van't  Koff  irrime- 
diately  gave  the  subject  profound  importance.   Notwithstand- 
ing this,  however,  and  the  recognition  of  the  meagre  char- 
acter of  Pfeffer 's  measurements,  which  only  extended  over 
a  small  range  of  concentrations,  the  highest  of  which  was 
less  than  one-fifth  normal,  very  little  has  been  done  since 
in  the  direct  measurement  of  osmotic  pressure.   The  cause 
of  this  is  to  be  found  in  the  enormous  difficulties  v/hich 
must  be  overcome. 

The  problem  was  later  attacked  by  indii'ect  means, 

(4) 
vmich  led  to  the  valuable  results  obtained  by  Dr,  Vries, 

(5)        (6) 
Tair»mann,  Harriburger  and  rriany  others,  to  which  reference  can 

nardly  be  made  here, 

(1)  Archiv.  f.  Anal,  und  Physiol,,  p,87  (1867) 

(2)  Osmotische  Untersuchungen,  Leipsic,  (1877). 

(3)  Z,  physik.  Chem.  1,  481  (1887). 

(4)  Ibid,,  2,  415  (1888). 

(5)  Wied.  Ann.  34,  299  (1888). 

(6)  Z,  physik,  Chem,  6,  319  (1890). 


Methods  of  direct  measurenrient  have,  iiowever,  been 
unaer  investigation  in  a  systematic  manner  in  this  labora- 
tory for  the  past  five  years,   Notv/ithstanding  the  bril- 
liant character  of  the  initial  ¥>^ork,  space  can  only  be  giv- 
en here  to  a  brief  account  of  the  development  of  the  v/ork 
carried  out  in  this  laboratory,  tnough  a  discussion  of  the 
earlier  viev/s  will  be  taken  up  in  their  proper  place  in  the 
light  of  the  results  of  the  present  investigation, 

Pfeffer's  method  of  prepartvtion  of  semyrpermeable 
membranes  v/as  beset,  as  is  v/ell  known,  v/ith  most  serious 
difficulties;  so  much  so,  that  alniost  all  efforts  on  the 
part  of  others  evt^n  to  repeat  his  vi?ork  have  resulted  in 
failure.   Evidently,  then,  a  new  method  had  to  be  devised 
far  more  reliable  than  Pfeffer's,  if  any  marked  advcmce  v/as 

to  be  made  in  the  direct  nieasurement  of  osmotic  pressure, 

(1) 

It  v.'as  just  this  discovery  in  1901,  by  Morse  and  Horn,  that 

gave  an  impetus  to  the  work  in  this  laboratory.   They  found 
that  if  a  solution  of  a  copper  salt  and  one  of  potassiurri 
ferrocyanide  are  separated  by  a  porous  wall  which  is  filled 
v/ith  v;ater,  and,  a  current  passed  from  an  electrode  in  the 
former  to  another  electrode    in  the  latter  solution,  the 
copper  and  f errocyanogen  ions  nieet  on  or  within  the  porous 
v/all  and  forni  a  semi -pernie able  membrane  of  very  great 
(1)   Am,  Chem.  J,,  26,  80, 


stx'ength.   Moreover,  the  method  furnished  a  rapid  and  most 

reliable  means  of  preparing  such  membranes. 

(1) 
In  subsequent  work  by  Morse  with  Fraser,  rarver, 
(2)  (3) 

Coony,    and  Hall,    the  method  has  been  extended  to  the 

preparation  of  inaiiy  other  precipitates.   About  tv/enty-five 
have  been  studied,  wnich  show  decided  osmotic  activity. 

The  next  problem  presenting  itself  was  in  securing 
the  manometer  in  the  cell.   This,  hov/ever,  v/as  not  of  a  se- 
rious character  and  v/as  satisfactorily  solved  by  Morse  and 

(4) 
Frazer  in  essentially  the  rrianner  now  in  use,  v/hich  will  be 

discussed  v/hen  the  consti'uction  of  the  cells  used  in  this 
work  is  described. 

After  means  of  fiiirily  securing  the  irianometer  had 
been  found,  the  further  testing  of  the  electrically  depos- 
ited membranes  developed  another  source  of  weakness,  name- 
ly, the  porous  clay  wall  of  the  cell.   This  proved  to  be 
the  most  formidable  difficulty  encoui-i.tered  up  to  the  pres- 
ent.  It  was  evident  that  no   quantitative  measurements  of 
x-ressure,  or  even  the  further  study  of  the  strength  and 
efficiency  of  the  niembranes,  were  possible  until  suitable 
walls  for  the  support  of  the  membrane  could  be  obtained, 

(1)  B,  F,  Cajrver,  Dissertation,  Johns  Hopkins  Univ,  (1903) 

(2)  J.  P,  Coony,      "  "        '•      "      " 

(3)  E.  S,  Hall,       "  n        «      «    (1904) 

(4)  Am.  Chem,  J,,  28,  1. 


(1) 

This  problem  was  at  once  taken  up  by  Morse  and  Frazer  and 

(2) 
by  Morse  and  Hall,   and  since  continued  by  Morse  and  Fra- 

zer.   Although  a  number  of  cells  oi"  almost  ideal  texture 

ana  strength  have  been  px*epared  and  used  in  this  laboratory 

the  problem  rriay  still  be  said  to  be  under  investigation, 

(3) 
and  the  recent  work  of  Morse  and  Praser,   as  vi^ell  as  the) 

present  investigation  may  be  i-egarded,  in  a  sense,  as  bear- 
ing thereon. 

The  obvious  source  of  /eakness  in  the  first  cells 
experimented  with  v<as  their  coarse  texture  and  softness. 
Cells  made  of  finer  materials,  hard  burned,  were  then  pre- 
pared.  These  gave  better,  but  far  from  satisfactory,  re- 
sults. 

The  problem  was  then  taken  up  on  a  broader  basis. 
Cells  of  various  kinds  and  mixtures  of  clays,  fashioned 
into  shape  in  different  ways,  and  burned  to  different  de- 
grees of  iiardness,  were  prepared  and  experimented  with, 
Tnin  sections  of  those  yielding  the  best  results  v/ere  stud- 
ied under  tjie  microscope  to  determine  the  quality  of  text- 
ure, and  attempts  to  reproduce  those  qualities  that  seemed 
essential  by  changes  and  modifications  in  the  methods  pre- 
viously used,  led,  after  four  years  of  persistent  effort, 

(1)  Airi,  Chem,  J.,  28,  1. 

(2)  E.  S.  Hall,  Diss.,  Johns  Hopkins  University,  (1904) 

(3)  Am,  Chem,  J..    54,  1, 


to   the   preparation  of   the   porous   cups   nov/   in   use. 

With  the  manufacture    of    suittcble   porous  v/alls,    walls 

tiiat  must  Vifithstcind  pressures    up'wards   of   200  kilograms   per 

square   inch,    the   last   obstruction   to   the   direct  measureinent 

of   ostnotic   pressure  v/as    removed,    a.nd   this  problem  was    im- 

(1) 
mediately  undertaken  by  Morse  and  Frazer,  with  the  results 

recently  published. 

Even  at  this  stage  of  the  investigation  it  was  ex- 
pected that  further  problems  would  present  themselves  be- 
fore the  measurements  could  be  pushed  to  the  greatest  r-e- 
finement;  ana  also  that  minor  improvements  in  the  construc- 
tion of  the  various  parts  of  the  apparatus,  as  well  as  the 
introduction  of  certain  factors  of  correction,  v/ould  be 
suggested  by  experience.   Such  proved  to  be  the  case.   Pos- 
sibly the  most  serious  of  these  difficulties  v;as  the  so 
called  "Thermometer  effects",  which  resulted  from  the  ina- 
bility to  avoid  sudden  changes  in  temperature.   The  effect 
of  this  difficulty  in  niaintaining  uniform  temperatures  will 
be  considered  when  the  manner  in  w^hich  it  has  been  overcome 
is  taken  up. 

Other  difficulties,  vmich  proved  very   troublesome, 
resulted  from  several  defects  in  the  construction  of  the 
manometer.   These  have  nov^  been  obviated  in  a  perfectly  sat 
(1)   Airi,  Chem,  J,   34,  1, 


isfactory  maimer,   fleana  have  also  been  devised  for  the 
more  careful  study  of  aiiy  changes  that  might  take  place  in 
the  solution  v/ithin  the  cell  during  the  course  of  the  ex- 
periment.  These,  together  with  uinny   other  improvements  and 
modifications,  suggested  by  experience,  hi-ve  rendered  the 
repetition  of  the  previous  experiments  desirable,  because 
the  aim,  which  has  been  steadily  kept  in  mind  since  the 
study  of  osmotic  pressure  was  first  begun  in  this  labora- 
tory has  been  to  place  the  measurements  on  as  accurate  and 
firiTi  a  basis  as  possible,  in  order  to  throv;  the  greatest 
possible  light  on  the  nature  of  these  phenomena  and  to  fix 
the  lav/s  which  describe  their  course. 


I. 

THE  OSMOTIC  PRESSURE  OF  SOLUTION  OF  CANF  SUGAR. 
The  Cell. 

The  construction  of  the  several  parts  of  the  cells 

used  in  this  investigation,  as  v/ell  as  the  manner  in  .vhich 

these  parts  are  usseiT.bled,  have  only  been  altered  in  very 

(1) 
slight  detail  from  that  already  fully  described:   It  v/ill 

only  be  necessary,  therefore,  to  give  a  brief  resunie  nere. 

The  cell  indicated  by  A  in  Tig,  I.  is  of  cup-siiaped 
fomi,  about  9  cm,  in  len£;th,  naving  a  rim  at  the  open  end 
v/ith  a  thickness  equal  to  that  of  the  cell  wall.   The  exte- 
rior diameter  of  the  cell,  just  below  the  rim,  is  about 
3,55  cm,  diameter  of  opening  2,5  cm.   The  interior  and  ex- 
terior diameters  of  the  cell  are  a  little  less  at  the  clos- 
ed end,  the  cell  possessing  a  slight  taper  of  .044  centi- 
meter per  centimeter  of  length.   On  burning,  these  dimen- 
tions  snrinic  about  10  per  cent. 

The  cell  after  bui'ning  is  mounted  in  a  specially 
(2) 
constructed  chuck.   While  slowly  turning,  the  interior  is 

ground  for  about  one-tiiird  the  length  of  the  cell  by  a  rap- 
idly rotating  carborunduir»  wheel  attached  to  the  tool  car- 
riage of  the  lathe,  until  a  slight  shoulder  is  formed 

(1)  AiTi,  Chem,  J,,  o4,  1, 

(2)  Ibid,         28,  16 


around  its  entire  interior.   Two  grooves  are  then  cut,  one 
of  which  is  designated  by  a  in  the  figure.   In  case  the  di- 
ameter of  the  rim  is  too  great  to  admit  of  free  passage 
through  the  brass  shoulder,  £,  it  is  t^^'O^^d  to  the  proper 
diameter  before  tiie  cell  is  removed  from  the  chuck. 

The  glass  tube  B,  Fig,  I.,  v;hich  serves  for  the  at- 
tachiTient  of  the  imnometer  to  the  cell,  was  made  of  thick 
hard  glass  tubing  about  1.42  centimeters  in  diameter,  which 
was  tested  thoroughly  as  to  toughness  and  other  necessary 
qualities,   Hov/ever,  at  best,  this  is  by  far  the  v/eaicest 
and  most  unsatisfactory  part  of  the  entire  apparatus,  and 
the  greatest  care  should  be  taken  in  selecting  the  tubing 
of  which  it  is  made.   Nearly  every  accident  encountered  in 
the  prosecution  of  this  work  was  due  to  the  breaking  of  the 
glass  tube,  either  v/hile  under  pressure  or  during  manipula- 
tion.  All  efforts  in  the  past  to  substitute  a  tube  of  por- 
celain or  other  inaterial  for  the  glass  tube  proved  unsuc- 
cessful. 

The  tube  should  be  as  near  cylindrical  as  possible. 
Two  bulbs,  d  and  £,  should  be  blov/n  at  the  positions  shovm 
and  the  neck  constricted  somewhat.   The  tube  should  be  of 
sucn  length  as  not  to  have  the  top  of  the  cell  and  the  bot- 
tom of  the  brass  shoulaer,  £,  over  1.5  centimeters  apart. 
This  having  been  tvccomplished,  the  soaps  tone  v/ash- 


er,  jb,  is  constructed  in  the  follovn.ng  tnanner:    a  piece  of 
soapstone  about  three  inches  in  length,  with  a  cross  sec- 
tion greater  than  that  of  the  cell,  ia  placed  in  a  chuck  on 
the  lathe  ana  turned  until  it  has  a  diameter  slightly  great. 
er  than  that  of  the  opening  of  the  cell,   A  iiole  is  then 
bored  in  the  centi-e  somewhat  sirialler  than  the  glass  tube, 
and  afterwards  carefully  turned  until  it  perfectly  fits  the 
end  of  the  glass  tube,  upon  vi^hich  it  is  to  be  placed.   The 
outside  of  tiie  soapstone  cylinder  is  then  carefully  tui-ned 
until  it  fits  in  the  cell  a.nd  rests  firmly  on  the  slioulder 
witiiin.   The  end  of  the  holiov/  soapstone  cylinder  is  then 
bevelled  inward  to  an  angle  of  about  30°,  so  as  to  prevent 
the  lodgment  of  air  when  the  cell  is  filled.   The  end  of 
the  soapstone  cylinder  is  then  cut  off  to  the  proper  lengtn 
so  as  to  fit  that  portion  of  the  glass  tube  belov/  the  bulb. 
The  reason  for  selecting  soapstone  for  the  nianufacture  of 
this  washer  v/as  because  its  coefficient  of  expansion  v/as 
about  the  same  as  that  of  the  material  of  the  cell,  and, 
also,  because  it  can  be  easily  v/orked  on  the  lathe.   Hard 
rubber  and  other  substances  have  proved  unsatisfactory-^. 
The  tiiree  essential  parts  of  the  cell  having  been 
constructed,  the  next  step  is  to  secure  theni  together.   The 
soapstone  ring  or  washer  is  fitted  over  the  end  of  the 
glass  tube  witn  the  bevelled  end  outv^ard,   VvTaile  the  tube 


10 


is  in  an  inverted  position,  molted  siiellac  is  ijlaced 
around  the  joint  betv/een  tae  ^^lass  and  the  soapstone,  and 
over  the  end  of  the  v/asner.  The  tube,  still  in  the  invert- 
ed position,  is  placed  in  an  air-bath  and  neated  at  110  for 
five  nours,  and  at  115  for  one  hour.  This  is  aone  to  ce- 
ment the  v/asher  to  the  glass  tube  and  to  raise  the  melting- 
point  of  the  shellac. 

The  glass  tube  carrying  the  washer  is  then  fixed  in 
the  cell  in  the  follov/ing  manner: 

The  interior  of  the  cell  down  as  far  as  the  shoulder, 
and  the  entire  exterior  of  the  soapstone  disk,  are  careful- 
ly painted  several  times  v/ith  rubber  solution,  v/hich  is 
prepared  by  fusing  black  rubber  tubing  and  dissolving  it  in 
carbon  bisulphide  to  a  consistency  v/nich  will  not  spread 
too  rapidly.   While  the  x^ubber  is  still  soft  the  gls-ss  tube 
witn  washer  attached  is  firmly  set  in  place.   It  is  well 
in  this  operation  to  xiold  the  cell  in  Q.n   inverted  position, 
so  as  to  prevent  any  rubber,  v/hich  is  likely  to  be  scraped 
off  the  cell  wall,  from  running  dov/n  the  intex'ior  of  the 
cell  and  thus  injuring  the  porous  v/all  on  vvhich  the  mem- 
brane is  cx.fterv/ards  to  be  deposited.   After  the  tube  and 
v/asher  are  in  place,  the  interior  wall  of  the  upper  part  of 
ti:e  cell  is  again  painted  v/ith  rubber  solution,  for  fear 
that  some  of  the  rubber  may  have  rubbed  off  while  inserting 
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the  tube  and  v/asher.   It  is  very  necessary  to  httve  the  por- 
tion or  the  cell  v^all  above  the  v;asheir  comijletely  covered 
.,'itri  rubber,  because,  if  any  sugar  solution  or  v;ater  were 
to  diffuse  thr...ugh  the  porous  clay  v/all  into  the  cement, 
vifhich  is  placed  in  the  space  betv/een  the  glass  tube  and  the 
cell  v^all,  the  cement  would  bo  rapidly  disintegrated  and 
the  cell  ruined. 

The  cell,  after  these  operations,  is  again  placed  in 
an  air-bath  and  heated  at  about  110^  until  the  i-ubber  is 
nard,  but  not  brittle.   This  usually  requires  about  ten 
nours.   At  this  point  it  has  been  found  advisable,  though 
it  vvas  not  previously  done  in  the  construction  of  the  cells, 
to  place  a  little  solid  shellac  on  top  of  the  washer  be- 
tY(feen  the  glass  tube  and  the  cell  v/all,  and  again  heat  at 
110   for  several  nours.   When  the  cell  is  cool  the  space 
betv/een  the  glass  tube  and  the  cell  wall,  represented  by 
n  in  Pig,  1,  is  filled  with  litharge  cement.   This  cement, 
made  to  a  consistency  which  will  pour  slov/ly,  is  prepared 
from  litharge,  made  by  heating  lead  carbonate,  and  glycer- 
ine, containing  10  per  cent,  v/ater.   The  handling  of  the 
cement  must  be  done  rapidly,  as  it  hardens  quickly.   After 
the  cement  has  set,  it  is  painted  v/itn  the  i-ubber  solution 
on  the  upper  exposed  sui'face.   The  cement  should  have  eight 
or  ten  days  to  set  nard  before  the  cell  is  subjected  to 
pressure.   However,  it  v/ill  harden  sufficiently  in  ten  or 
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twelve  hours  to  adn.it  of  careful  handling  of  the  cell.   It 
is  then  v/ell  to  cen.ent  the  brass  piece,©,  having  an  exteri- 
or phlange  at  the  top,  in  place.   This  should  be  aone  so 
tnat  tiie  j^lass  tube  will  be  in  its  centre.   It  is  also  im- 
portent  to  have  the  upper  bulb  of  the  glass  embedded  in  the 
cement,  and  to  leave  the  neck  of  the  tube  extending  about 
6  m  m,  above  the  cement.   The  exposed  surfaces  of  tne  ce- 
inent  are  also  painted  witn  rubber  solution. 

As  soon  as  the  cement  has  had  sufficient  time  to 
harden,  tne  cell  is  in  condition  to  hcxve  the  air  drawn  from 
the  cell  wall,  and  the  membrane  deposited,  vvhich  processes 
v,fill  be  described  later. 

The  Manometer. 

The  form  of  irianometer  is  in  general  that  used  by 
Morse  and  Frazer,  and  designated  by  C  in  Fig.  I.,  tnough 
several  important  imi)rovements  have  been  made  in  its  con- 
struction.  These  will  be  considered  somewhat  in  detail. 

The  iTianometer  as  represented  in  che  diagrani  r^osses- 
ses  several  objectionable  features,  which  became  evident 
v«rhen  it  v/as  put  in  use  in  pressure  measurements. 

In  what  has  been  described  as  the  "strenuous  manip- 
ulation" of  inserting  the  stopper  carrying  the  manometer, 
a  .. ortion  of  the  enclosed  air  .vill  pass  around  the  arm  and 


13 

render  the  refilling  of  the  manometer  necessary  (an  oper- 
ation -which  delays  .v/ork  vety   much),  unless  the  pressure  ex- 
erted on  the  stopper,  v/hicn  must  be  considerable,  is  uni- 
form and  maintained  througiiout  the  entire  operation.   To 
avoid  this,  another  bulb  was  blovm  in  the  ascending  limb  of 
the  manometer,  as  shown  in  Pig.  4, 

Again,  moat  serious  difficulties  v/ere  encountered  in 
making  readings  of  the  pressures  indicated  in  the  manometer, 
owing  to  the  uncertainty  in  reading  the  top  of  the  air  col- 
uriin.   The  cause  of  this  v/as  found  in  the  irregular  conical 
fonr»  of  the  top  of  the  air  space  formed  v/nen  the  end  of  the 
manometer  was  sealed.   Also,  the  necessary  softening  of  the 
glass  in  fusing  the  end  of  the  manometer  gave  rise  to  an 
uncertainty  as  to  the  bore  of  the  upper  end  of  the  manome- 
ter.  As  the  entire  air  column  is  only  15  or  20  m  m.  under 
pressures  of  solutions  near  the  norrrial,  it  is  evident  that 
these  difficulties  become  serious,  Mmere   high  pressures  are 
to  be  measured. 

The  ideal  arrangement  v/ould  be  to  fill  the  upper  end 
of  tirie  manometer  v/ith  a  short  mercury  coluirin,  but  this  was 
not  easy  of  accomplishnient.   As  mentioned  by  Morse  in  this 
regard,  "In  the  fev/  cases  v/here  v/e  have  tried  it,  v/e  found 
that  the  separation  of  the  necessary  mercury  thread  involv- 
ed a  roughness  of  manipulation  v/hich  appeared  to  endanger 
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the    instrument.      Moreover,    we    v;ere   unable   to  effect  a  suf- 
ficiently complete   dislodgeinent   of    the   air  from   the    space 
v/hich   the   mercury   snould   fill."      The    problem  vva-;    not   given 
up,    however,    and   after  many  plans  v;ere   proposed  and  aband- 
oned,   the  very   result  noped  for  v/as  achieved,   and   in  a  per- 
fectly  satisfactory  and   expeditious  manner. 

The  rrianner   in  v/iiich   this   v/as   accomplished  v/ill  be 
considered   in  detail   under   the  head   of    closing   the  manonie- 
ter. 

One   other  alteration   in  the   construction  of   the  man- 
ometer must  mentioned  here.      The   ojoen  end   of    the  manometer 
should  be   enlarged  as   shown  at  J,   Fig.    I.      This   is  necessa- 
ry  to   prevent   the    end   of   the   rrianometer  v/hen   under  pressure 
from  being  pushed   through  the    stopper.      It  also   serves   to 
spread   the    stopper,    in  case    of    any   upv/ard  moveuient   of   the 
manometer,   ana   thus    the  stopper   is   pressed  more   firruly 
against   the   constricted  neck   of   the    tube.      This   forms   a 
perfectly   tight  and,    when   the   stopper   is   properly  supported, 
a  very  firm  joint.      It   is  admisible,    however,    that    this   en- 
largement  be   made  witnout   the   bulb   shown   in  the  figure.    The 
reason  for   this   is   that   air  bubbles   frequently  get   into    the 
capillary   bore   between  the    Dulb   and   the    bend   in   the   arm,    or 
even  around   into    the    bulb   on   the   descending  arrri.      When 
there    is  no  bulb   at  j_,    such  air   bubbles   can  be   easily  re- 
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moved  by  immersing  the  end  of  the  manometer  in  a  vessel  of 
v/ater,  tilting  the  manometer  sli^jhtly,  and  then  by  dimin- 
ishing the  pressure  on  the  ./ater,  the  air  is  dravm  out  of 
the  end  of  the  manometer,  when,  on  restoring  the  diminished 
pressure  tlie  arm  is  completely  filled  v/ith  liquid,   A  sim- 
ple fonn  of  apparatus  had  been  devised  for  accomplishing 
this. 

This  apparatus  als   facilitates  the  replacing  of  a 
solution  of  one  concentration  by  that  of  another.   It  furth- 
er renders  the  replacement  of  mercury,  v/hich  is  often  lost 
from  the  bulb  in  manipulation. 

It  is  evident  that  this  increased  facility  in  the 
manipulation  of  the  manometer  is  rendered  possible  by  the 
presence  of  the  bulb  in  the  ascending  arm.   The  manometer 
carries  a  nut,  n,  in  which  the  limb  of  the  manometer  should 
nave  slight  play.   This  nut  is  threaded  externally  to  fit 
the  interior  threads  of  the  brass  collar,  £,  v/hich  slips 
over  tind  catches  the  phalange  of  the  shoulder,  o^.      The  nut 
does  not  slip  over  the  enlargement  on  the  end  of  the  mano- 
meter, and  of  course  should  be  placed  on  the  tube  before 
the   enlargement  is  :rade. 

The  horizontal  anr*  of  the  manometer  should  be  of 
sufficient  length  to  give  room  for  the  hand  while  inserting 
the  manotreter  in  the  cell. 
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The  manometers  used  in  this  investigation  had  two 
lines  of  reference  etched  on  them  and  designated  below  as 
scratches  No.  1  and  No,  2,  or  upper  and  lower  scratch 
respectively,  v/ith  reference  to  the  top  of  the  manometer, 
Finally ,  the  internal  bore  of  the  tubing  used  in  the  con- 
struction of  the  manometers  v/as  about  0,5  Him,   The  total 

length  of  each  manometer  v;as  about  60  cm.   The  reasons  for 

(1) 
selecting  these  dimensions  have  been  fully  set  forth, 

a)  Calibration, 

When  the  construction  of  the  manometer  is  completed,' 
the  next  step  is  its  calibration. 

The  method  employed  for  tliis  purpose  v/as  to  measure 
the  length  of  a  short  laercury  thread  placed  end  to  end  at 
successive  iiatervals  througiiout  the  length  of  the  manometer 
tube.   The  apparatus  by  means  of  ./idch  this  v/as  accomplish- 
ed is  shown  in  Fig,  II,   In  brief,  it  consists  of  a  hard 
rubber  cylinder,  b_,  in  which  the  ^la-ss  tube,  i_,  is  set  v/ith 
litharge  cement.   An  iron  rod  is  threaded  into  the  cylinder 
as  shown. 

To  carry  out  the  calibration,  the  glass  tube,  i^,  as 
well  as  the  entire  iranometer  is  filled  v/ith  pure  mercury. 
The  rriercux-y  is  then  drawn  down  the  bore  of  the  manometer  a 
short  distance,  and  the  short  thread,  h,  is  introduced,  The 
(1)   Am,  Chem,  J,,  34,  p,  3. 
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thread  sliould  be  betv/een  12  and  15  inrn,  in  length.   The  air 
space  betvveen  the  thread  and  the  main  coluirin  of  mercury 
should  not  t.'xceed  2  nirri.   The  entire  apparatus  is  then  firm- 
ly fixed  in  a  vertical  position,  a  siiort  distance  in  front 
of  a  cathetometer  carrying  a  telescope  provided  v/ith  micro- 
meter eye-piece,  and  near  a  vertical  standard  meter.   The 
calibrating  apparatus,  cathetometer  and  meter  scale  are  all 
mounted  on  the  sanie  foundation,  v/hich  does  not  come  in  con- 
tact with  the  floors  or  v/oodv/ork  of  the  laboratory. 

The  inercury  column  in  the  iranorneter  is  then  drawn 
down  till  the  lower  end  of  the  thread,  h,  is  exactly  oppo- 
site the  line  of  reference  near  the  bottom  of  the  free  arrri 
of  the  manometer,  and  indicated  by  £,   The  line  of  refer- 
ence and  the  upper  end  of  the  thread  are  then  read  by  means 
of  the  telescope  and  meter  bar,  thus  ascertaining  the  lengt 
of  the  thread  in  that  part  of  the  tube  just  above  the  long 
line  of  reference.   The  thread  is  then  luoved  by  turning  the 
threaded  bar  until  its  lower  end  rests  in  exactly  the  same 
position  as  was  previously  occupied  by  its  upper  end.   The 
hair  of  the  telescope  is  then  placed  on  the  new  position, 
and  the  reading  taken.   Thus  the  length  of  the  thread  in 
tne  new  position  is  determined;  also,  the  length  of  the 
thread  in  successive  portions  of  the  tube  is  measured 
throughout  the  entire  length  of  the  manonieter.   When  the 
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top  01'  the  manouieter  ia  i-eached,  the  thread  is  again  drawn 
down  to  tne  lower  reference  line  and  all  the  readings  re- 
peated.  If  consistent  val.^es  for  the  length  of  the  thread 
in  the  same  portion  of  the  tube  is  obtained  in  the  second 
set  of  readings,  the  average  of  the  two  sets  of  values  v;ill 
be  quite  accurate  enough.   If  the  second  values  do  not 
cneck  v/ith  the  first,  the  readings  snould  be  repeated  until 
the  experimenter  is  satisfied  that  he  has  correct  values 
for  the  length  of  the  thread. 

The  thread  is  nov;  run  out  of  the  manometer  tube,  is 
caught  in  a  v/eighing  tube  and  its  v/eight  is  ^iCcordingly 
found.   Also,  the  weight  of  i.  column  of  mercury  filling  the 
entire  calibrated  portion  of  the  manometer  is  found. 

In  the  calibration  of  the  manometers  used  in  this 
v;ork  the  average  of  tv/o  series  of  values  were  taken  in  each 
case.   The  calibration  data  of  one  of  these  manometers  is 
given  below.   This  data  is  made  convenient  for  use  by  x'e- 
duction  to  a  calibration  unit  and  by  being  plotted  in  the 
foi^m  of  a  curve. 


19 


TABLE  A. 
Calibration  Data  of  Manometer,  No.  6, 


I. 

II. 

III. 

IV, 

V. 

NO.  of 

Readings  upward 

Differ- 

Readings upward 

Differ- 

Reading 

on  scale. 

ences. 

on  scale. 

ences. 

First  series. 

Second  series. 

1 

867.54 

13.61 

867,54 

13.61 

2 

853.93 

13.58 

853.93 

13,58 

840.35 

13.65 

840 , 35 

13,67 

4 

826.70 

13,69 

826,68 

13.68 

5 

813.01 

13.62 

813.00 

13.63 

6 

799.39 

13.64 

799,37 

13,61 

7 

785,75 

13.60 

785,76 

13,58 

8 

772.15 

13.56 

772.18 

13.56 

9 

758.59 

13.61 

758.62 

13.66 

10 

744,98 

13.75 

744,96 

13.68 

11 

731.23 

13.75 

731,28 

13.73 

12 

717.48 

13.63 

717.55 

13.75 

13 

703.85 

13.74 

703,80 

13.72 

14 

690.11 

13.65 

690.08 

13.65 

15 

676,46 

13.72 

676,43 

13.72 

16 

662.74 

13.74 

662,71 

13.71 

17 

649.00 

13.71 

649.00 

13,75 

18 

635,29 

13.72 

635,25 

13.70 

19 

621.57 

13.75 

621.55 

13.76 

20 

607.82 

13.81 

607.79 

13,78 

21 

594.01 

13.86 

594.01 

13,85 

22 

580.15 

13.86 

580,16 

13,81 

23 

566,29 

13.92 

566,35 

14,05 

24 

552.37 

13.87 

552,30 

13.88 

25 

538,50 

13.90 

538,42 

13,85 

26 

524,60 

13.88 

524,57 

14.01 

27 

510.72 

13.89 

510.56 

14.06 

28 

496.83 

14.06 

496.50 

14.10 

29 

482.77 

14,10 

482.40 

14,02 

30 

468,67 

14.06 

468.38 

14,03 

31 

454,61 

14.11 

454.35 

13,98 

32 

440.50 

14,16 

440.37 

14,07 

33 

426.34 

14,21 

426.30 

14,18 

34 

412.13 

14,21 

412.12 

14,12 

35 

397.92 

14.13 

398,00 

14,19 

36 

383.79 

14.16 

383,81 

14,21 

37 

369.63 

14.17 

369,60 

14,20 

38 

355.46 

355,40 

20 


TABLE  A.  (continued) 
Calibration  Data  of  Kanometer,  No,  6. 


VI.  VII.       VIII.         IX. 

No.  of    Average  of  dif-  Readings  on  Product  of   Correction 
Readings  ferences  of      scale  calcu-  no. settings  values, 
first  and  sec-    lated  from   by  mean 
ond  series.       zero-point.    length  of 

thread 


1 

13.610 

13.61. 

13.841 

^0.23 

z 

13.580 

27.19 

27.682 

1-  0.49 

3 

13.660 

40.85 

41.523 

+  0.67 

4 

13.685 

54.53 

55.364 

^  0.83 

5 

15.625 

68.16 

69.205 

+  1.05 

6 

13,625 

81.78 

83,046 

+  1.27 

7 

13,590 

95.37 

96.887 

+  1.52 

8 

13.560 

108,93 

110.728 

+  1.80 

9 

13.635 

.  122,57 

124.569 

+  2.00 

10 

13.715 

136.28 

138.410 

+  2,13 

11 

13.740 

150.02 

152.251 

+  2.23 

12 

13.690 

163,71 

166.092 

+  2.38 

13 

13.730 

177,44 

179.933 

+  2,49 

14 

13.650 

191.09 

195.774 

+  2.68 

15 

13.720 

204.81 

207.615 

+  2.81 

16 

13.725 

218.54 

221.45fc 

+  2.92 

17 

13.730 

232.26 

235.297 

+  5,04 

18 

13.710 

245.98 

249.138 

^3,16 

19 

13.755 

259.73 

■  262.979 

+  5,25 

20 

13.795 

273.53 

276.820 

+  5.29 

21 

13,855 

287.38 

290.661 

+  5.28 

22 

13,835 

301.22 

304,502 

+  3,2S 

23 

13.985 

315.20 

318,343 

+  3,14 

24 

13.875 

329.08 

332.184 

+  3.10 

25 

13.875 

542,95 

346.025 

+  3,08 

26 

13.945 

356.90 

359,866 

^2.97 

27 

13,975 

370.87 

373.707 

t2,84 

28 

14.080 

584.95 

387 . 548 

^2,60 

29 

14,060 

399.01 

401,389 

+  2.38 

30 

14.045 

413.06 

415.230 

^2,17 

31 

14,045 

427.10 

429,071 

-1.97 

32 

14,115 

441.22 

442,912 

+  1.69 

53 

14.195 

455,41 

456.753 

+  1.34 

34 

14,165 

469,58 

470,594 

-H.Ol 

35 

14.160 

485,74 

484.435 

to. 70 

36 

14,185 

497.92 

498,276 

+  0.36 

37 

14.185 

512.11 

512,117 

+  0.01 

^1 


other  data  rega.rding   tnis  rritiiometei*,   v/iiich  has   been 
used   in  the   computation  of  pressures,    is  us  follows: 
Distance   betv/een  scratches    =   298,06  iran. 
Height   of   top   of  manometer  above   bottom  scratch   = 

503,91  mrii. 
Weight   cf  nit'rcur:/   thread   used   in   this   calibration  s 

0,0620g. 
Average   radius   of   bore    of  manometer   tube   -   0,32  mm, 
Extex'ior  diairteter   of  manometer   tube   =   5,1  rtim, 
VoluRie    of   the  manometer  above   bottom  scratch  a^'O.lS^c, 
Correction  for  maniscus  ^  0,21   calibration  unit. 

It  will   be   observed  from  Table  A,    that    the   total 
space   covered  by  the  mercury   thread  while   setting   it   end  to 
end   throughout    the   length  of   the    tube  ?/as   512,11  rriiri, ,    and 
that   37   settings  v/ere  made.      The   mercury   thread   therefore 
filled  an  average  length  of   space   of   13,841  mrri.      The   thread 
was   then  regarded  as   containing   13.841   calibration   units. 
Referring  to   Table  A.,    column  VII,    contains    the   readings   on 
the  meter   scale,   v/hich  would  have   been   obtained   if    the   zero 
of   the    scale   had   coincided  with   that   of    the  manometer. 
Column  VIII,    gives  multiples    of    the   volume   or  of    the    cali- 
bration  units   contained   in   the  mei-cury   thread   corresponding 
to   the    readings   in  coluirin  VII,      The   differences   are   given 
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in  column  IV,  and  represent  the  corrections  v/liich  must  be 
applied  at  the  37  points  in  order  to  transfer  actual  read- 
ings into  calibrated  or  volurrie  i-eadings. 

Tnese  con-ections  were  plotted  on  a  curve,  a  line 
representing  the  inanonieter  being  used  as  the  axis  of  ab- 
scissas. 

The  other  manometers  used  in  this  v/ork  v/ere  calibrat 
ed  in  exactly  the  saane  mariner.   On  accoiint  of  the  large 
an.ount  of  space  required  the  calibration  data  of  those  man- 
ometers v;ill  not  be  given. 

In  the  calibration  of  manometer  No,  4,  the  mercury 
thread  contained  15,264  calibrations  units  and  v/eighed 
0,0409  gram.   The  average  radius  of  its  bore  v/as  ,25  nm. 
The  correction  for  maniscus   ,17  calibration  unit. 

In  the  calibration  of  manometer  No,  5,  the  length 
of  the  mercury  thread  -  15.685  calibration  units.   Weight 
of  thread  -  0,0385  gram.   Distance  betv/een  scratches  - 
293.94  rum.   Height  of  top  of  manometer  above  bottom  scratch 
482.58  njTi,   Correction  for  maniscus  -  0.16  calibration 
units. 
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b)  Capillary  Depression, 

Before  the  Manometer  is  filled  wit;,  dry  air  and 
sealed,  the  capillc^ry  depression  of  the  mercury  in  its  arm 
is  detenrrined. 

c )  Pilling  the  Manomete£ 

To  fill  the  nanometer  it  is  connected  at  its  lovv-er 
end  by  means  of  a  long  thick-wall^d  rubber  tube,  v/ith  a 
reservoir  of  mercury.   The  upper  end  is  attached  to  the 
air  drying  apparatus.   This  latter  consists  of  a  succession 
of  tubes  through  which  the  air  is  drawn  before  it  enters 
the  nanometer.   The  first  tube  which  the  air  enters  is 
filled  with  calcium  chloride.   It  next  passes  into  a  tube 
partially  filled  with  glass  beads  moistened  v/ith  sulphuric 
acid,  then  into  a  tube  of  potass iunj  hydroxide,  next  over 
ordinary  phosphorous  pentoxide  and  finally  into  a  tube 
filled  v^ith  glass  wool  into  v/hich  nas  been  condensed  resub- 
limed  phosphorus  pentoxide.   The  glass  tube  attached  to  the 
end  of  this  train  of  absorption  tubes  and  which  is  connect- 
ed by  means  of  a  short  thick  rubber  tube,  to  the  upptjr  end 
of  tiie  manometer,  contains  a  tv;o-way  stop-cock,  which  serves 
to  connect  the  interior  of  the  nanometer  either  v/ith  the 
air-drying  Uj^^puratus  or  with  the  atmosphere. 

By  lov/ering  the  i-eservoir,  supposing  the  manometer 
tube  to  be  completely  filled  with  mercury  at  the  start,  the 
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bore  niay  be   dravm  full   of   uir  from  the  drying  aiparutua, 
Tht?    two-way  stop-cock   is    then   turned   so   as   to   place    the   in- 
terior  of    the  nanometer  in  coriirriunication  with   the  atmos- 
phere,  when,    by  raising   the   reservoir,    the   air  just   drawn 
into    the   bore    is   expelled.      The  manometer  may  again  be 
placed   in   corrirriunication  v/ith   the   drying  apparatus   and  fill- 
ed v/ith  air  drawn  over   the   absorbants  as   before,    etc.      This 
operation,   v/hich  snould   be   perfornied   slov/ly,    is   repeated 
from  forty  to  fifty   times   to    insure    the  complete   removal   of 
moisture,    carbon  dioxide   and  anuiionia  from  the  air  finally 
enclosed  in  the  iranometer, 

d)   Closing  the  Manometer. 

The  closing  of  the  manometer  in  such  a  mcinner  as  to 
leave  a  short  mercury  thread  in  its  upper  end,  to  avoid 
softening  any  of  the  calibrated  part,  which  is  afterv/ards 
to  contain  air,  and  to  avoid  vitiating  the  enclosed  air  to 
any  extent,  constitutes  one  of  the  most  valuable  improve- 
iiients  in  the  construction  of  the  apparatus, 

Tne  nianner  in  v;hich  this  has  been  accomplished  is  as 
follows:   As  the  reservoir  of  mercury  is  lov/ered  for  the 
last  time  in  filling  the  nanometer,  before  all  the  mercury 
is  drawn  jjast  the  rubber  connection,  joining  the  end  of  the 
manometer  to  the  drying  apparatus,  the  rubber  tube  is  pinch- 
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ed  to  one  side  out  of  line  v;ith  the  inanometer.   This  serves 
to  break  a  snail  globule  of  mercury  apart  from  the  main 
coluirin.   By  thus  holding  tne  rubber  connection  v/i-iile  the 
reservoir  is  lowered,  the  manometer  inay  be  filled  with  ijure 
air  from  the  drying  apparatus  drawn  past  the  globule  of 
mercury.   Now,  when  the  proper  voluirie  of  air  is  drawn  into 
the  irianometer,  the  rubber  connection  is  allowed  to  resuirie 
its  natural  position.   This  brings  the  globule  over  the 
opening  of  the  nianometer  and  by  further  lov^ering  the  i^eser- 
voir  it  irtay  be  drawn  into  the  bore.   Owing  to  the  capillary 
depression  of  mercury  in  the  snriall  bore  of  the  manometer 
tube,  some  diminished  pressure  is  necessary  before  the  mer- 
cury will  enter  it.   After  the  globule  is  drawn  in,  the  di- 
minished pressure  must  be  quickly  restored  or  else  the 
thread  of  mercury  may  run  entirely  through  the  tube  to  the 
bxilb.   The  tnread  of  mercury  being  dravm  in  after  the  air 
colurrin,  it  is  in  general  not  of  the  desired  length.   It  is 
usually  too  long,  though  of  course  it  may  be  too  short,  in 
which  case  the  operation  must  be  repeated  and  a  larger 
globule  pinched  off.   If  it  is  too  long  it  may  be  run  back 
to  the  top  and  pinched  off  until  it  is  of  the  proper  lengthy 
This,  hov/ever,  is  very  troublesome,  as  it  usually  happens 
that  when  the  end  of  the  thread  is  forced  out  of  the  top  of 
the  manometer,  due  to  difference  in  capillary  depression. 
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the  whole  of  the  thread  is  forced  out  in  an  instant.   The 
v/riter  nas  found  from  his  experience  that  a  far  more  satis- 
factory jnethod  of  shortening  the  mercury  thread  is  to  drav/ 
it  slov/ly  dov/n  the  entire  length  of  the  manometer  coliirrin 
until  one  end  enters  the  bulb,  and  the  portion  above  the 
bixlb  is  of  the  desired  length,  v/hen,  by  gently  tapping  the 
bulb  the  portion  entering  the  bulb  is  broken  off  and  falls 
across  to  the  main  supply  of  mercury.   Of  course,  the  en- 
tire volume  of  air  originally  introduced  is  now  enclosed  in 
the  bulb.   In  the  manometer  used  threads  of  about  20  itim, 
length  were  employed. 

The  thx'ead  having  been  adjusted  to  the  proper  length 
it  is  now  run  up  the  manometer  coluirin.   When  it  is  within 
50  or  60  nriiri.  of  the  top,  the  reservoir  is  fastened  in  po- 
sition.  The  end  of  the  manometer  is  placed  in  connection 
with  the  atmosphere  through  the  stop-cock  and  the  joint 
with  the  air-drying  apparatus  is  loosened,   A  piece  of  tub- 
ing of  the  same  character  as  that  of  wnich  the  manometer  is 
constructed,  is  fused  on  the  end  and  the  manometer  tube  is 
softened  just  below  the  joint  and  dravm  out  into  a  fine 
capillary.   This  capillary  is  then  scratched  v/ith  a  file 
and  broken  off  at  a  height  of  12  or  15  cin.  above  the  end  of 
the  nanometer ,   After  the  end  of  the  manometer  and  the  cap- 
illary nave  cooled,  and  it  might  be  added  that  after  every 
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heating,  the  i^art  siiould  be  thoroughly  annealed,  the  reser- 
voir is  raised  and  the  mercury  thread  forced  up  into  the 
capillary  until  it  fills  it  almost  completely.   The  end  of 
the  capillary  is  then  sealed. 

At  this  point  the  interior  of  the  irici.nometer  is  under 
slight  pressure,  which  was  necessary  to  force  the  mercury 
thread  into  the  fine  capillary,   Tnis  must  be  relieved  be- 
fore tile  atteiiipt  is  made  to  soften  the  gla,ss  at  the  end  of 
the  iTianometer,   la  fact,  the  reservoir  should  be  lowered 
until  there  is  some  diminished  pressure  on  the  air  colijirai 
amounting  to  10  or  15  cm,  ,  so  that  v/hen  the  end  of  the  man- 
ometer is  softened  for  the  purpose  of  sealing,  there  v/ill 
be  a  slight  tendency  for  the  v/alls  to  collapse. 

The  sealing  of  the  end  is  accomplished  in  the  fol- 
lov/ing  rrianner:   After  warming  the  joint  of  the  capillary 
tube  and  manometer,  it  is  touched  with  the  fine  point  of 
the  blow-pipe  flame.   This  breaks  the  mercury  column  and 
volatilizes  some  of  the  mercury,  the  thread  being  forced 
some  distance  dov/n  the  tube  by  the  pressure  of  the  mercury 
vapor.   The  tube  is  now  softened  and  the  capillary  fused 
off,  the  end  of  the  manometer  being  sealed  and  rounded 
dovm.   The  heated  portion  is  allowed  to  cool  slowly  and  if, 
while  it  is  still  somewhat  soft,  a  little  pressure  is  plac- 
ed on  the  contents  of  the  manometer  by  raising  the  reser- 
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voir  sligntly,  the  fine  point  of  the  cone  formed  at  the  top 
may  be  rounded,  and  on  cooling  the  mercux-y  vapor  will  con- 
dense ana  the  thread  will  rise  and  fill  the  end  completely. 

Some  patience  and  skill  is  required  in  carrying  out 
this  operation,  though  after  a  few  trials  the  experimenter 
is  generally  able  to  perform  it  in  a  perfectly  satisfactory 
manner. 

The  mercury  thread  thus  secured  in  the  top  of  the 
manometer,  is  not  easily  dislodged.   After  its  distance 
from  one  of  the  lines  of  reference  is  once  accurately  de- 
termined, it  may  be  regarded  as  the  reference  point  itself. 
This  has  been  done  in  the  present  experiments,  thus  facil- 
itating considerably  the  operation  of  measuring  pressures, 

d)   Detenrdnation  of  the  Total  Air  Voluirie  - 

The  voluJTie  of  air  enclosed  in  the  manometer  must  be 
accurately  laeasured  under  known  conditions  of  temperature 
and  pressure.   Eor  this  purpose  the  mercury  reservoir  is 
replaced  by  a  tube  of  the  sairie  internal  diameter  as  the 
iTianometer  tube.   A  piece  of  the  sairie  specimen  of  tubing 
from  wnich  the  inanometer  was  constructed  will  best  answer 
this  purpose. 

The  7/hole  apparatus  is  now  placed  before  the  catheto- 
meter.  When  a  unifonri  temperature  hc>,s  been  secured,  read- 
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ings  are  rrade  of  the  level  of  the  mercury  in  the  manometer, 
in  the  side-tube,  and  also  in  the  top  of  the  manometer.  The 
barometer  is  then  read  and  the  temperature  of  the  room  tak- 
en.  These  readings  should  be  imde  both  before  and  after 
the  otner  readings.   Several  sets  of  such  observations 
should  be  taken,  and  from  them  is  determined  the  volume 
under  standard  condidions,  0°  760  imi.   pressure  occupied  by 
the  air  enclosed  in  the  manometer. 

At  this  point  the  distance  betv/een  the  lines  of  ref- 
erence, and  the  distance  betv/een  the  top  and  one  line  of 
reference,  should  be  accurately  determined  once  for  all, 
for  convenience  of  computation  in  the  future. 

The  rubber  tube  connected  with  the  end  of  the  man- 
onneter  is  no\v  removed,  the  end  painted  with  rubber  solution 
and  a  rubber  stopper  of  proper  size,  the  v/ all  of  the  per- 
foration of  wnich  is  also  covered  with  rubber  solution, 
slipped  over  the  end  and  fixed  in  place  just  above  the  en- 
largement on  the  end  of  the  manometer,   A  fresh  stopper 
must  be  used  every  time  the  manometer  is  used,  and  should 
be  fixed  in  place  at  least  24  hours  before  the  experiment 
is  begun.   The  greatest  care  should  be' exercised  in  select- 
ing stoppers  of  sufficient  firmness,  and  to  see  that  they 
are  perforated  in  the  center.   The  coating  of  soapstone 
waich  they  have  siiould  be  x-emoved  before  they  are  used. 
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The  Cuntrol  of  Temperature  Condition3» 

The  "thenriometer  effects",  produced  by  sudden  changes 
in  temperature,  already  referred  to,  were  the  most  serious 
obstacles  whicxi  had  to  be  contended  with  in  the  measure- 
ments of  pressure  by  Morse  and  Prazer,   The  explanation  of 
fluctuations  in  the  height  of  the  mercury  column  in  tlie 
manometer  when  the  temperature  is  changing  is  as  follows: - 
"When  the  temperature  is  falling,  the  solution  and  the  mer- 
cury enclosed  in  the  cell  contract  faster  than  the  v^ater 
can  get  through  the  membrane  for  the  purpose  of  nfiaintaining 
the  pressure  v/hich  is  normal  to  the  solution;  and  the  mer- 
cury column,  therefore,  descends  to  an  abnormally  low  point 
in  the  manometer.   On  the  other  hand,  when  the  temperature 
of  the  room  rises,  the  enclosed  solution  and  the  mercury 
expand  faster  than  the  water  is  expelled  from  the  cell  and 
the  consequence  is,  that  the  mercury  column  in  the  manome- 
ter rises  to  a  point  which  is  abnormally  high  for  the  con- 

(1) 
centration  of  the  solution," 

If,  after  a  change,  the  temperature  renriains  constant 
for  some  time,  the  normal  pressure  will  be  registered,  but 
the  adjustment  takes  place  very  slowly.   So  v/here  temper- 
ature is  fluctuating,  even  slowly,  abnomrial  pressures  are 
(1)   Arr.,  Chem,  J,  34,  24, 


31 


usually  undicated  by  the  manometer. 

The  means  wnich  have  been  used  to  overcome  this  dif- 
ficulty are  very  elaborate  and  are  to  be  considered  in  de- 
tail in  a  coirimunication  from  Morse  and  Frazer  to  appear  in 
the  American  Chemical  Journal  {July,  1906). 

In  general,  however,  they  consist  of  : -   1)  a  large, 
v/ell  protected  bath  containing  about  300  litres  of  water, 
which  is  kept  in  constant  motion,  2)    an  air  compfc^rtment 
above  the  bath  and  in  free  coirimunication  v/ith  it,  the  air 
in  which  is  kept  circulating  through  pipes  lying  beneath 
the  v/ater  in  the  tank  below;  and  3)  various  automatically 
regulated  electric  and  gas  stoves  vmich  serve  to  maintain 
uniform  temperatures  outside  the  bath. 

The  temperature  bath  together  with  many  other  pieces 
of  apparatus  employed  in  this  work  are  shown  in  the  photo- 
graph, Fig,  3.   It  is  a  rectangular  vifooden  box,  in  length 
1,24  meters,  width  45,7  cm,  and  depth  66  cm.    The  bath 
proper  is  lined  wfith  tinned  copper  and  is  surrounded  on  the 
exterior  hy   a  large  wooden  box  of  such  dimensions  that  the 
distance  between  them  is  not  less  than  75  iriirt.  at  any  point. 
The  intervening  space  is  tightly  packed  with  hair. 

The  air  compartment  above  the  tank  extends,  as  shown 
in  Fig,  3,  over  about  three-fourths  the  bath,  leaving  room 
at  the  end  for  the  machinery,  used  to  keep  the  water  and 
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uir   in  the  tank  in  circulation.   It  is  provided  with  a  top 
d,  hinged  at  the  back,  and  with  a  mirror  plate-glass  win- 
dov;,  e_,  in  front,  also  hinged  to  the  tank.   These  serve  foi 
opening  the  bath  for  the  introduction  of  the  cell  v/ith  man- 
ometer attached. 

To  arrange  for  a  measurement,  the  cell  v/ith  mano- 
meter attached,  fixed  in  the  bottle  containing  the  solvent, 
vi/ith  which  the  cell  is  surroiinded,  as  snovm  at  c_,  is  placed 
in  the  can,  a,  which  is  supported  by  an  iron  plate  resting 
on  the  edges  of  the  tank.   The  can  covered  with  a  hair  pad, 
through  a  slit  in  which  the  manometer  passes,  is  weighed 
down  by  the  iron  cylinder,  b^,  v/eighing  about  8  kilograrris, 
which  also  serves  for  the  even  distribution  of  the  heat  to 
the  bottle  and  its  contents.   The  iron  cans,  plates,  cylin- 
aers,  etc.,  are  painted  with  aluminuiri  paint  to  provide 
against  corrosion.   This  arrangement  can  be  seen  by  refer- 
ring to  Pig.  4, 

Thus,  the  cell,  when  a  measurement  is  in  progress, 
rests  some  distance  belov/  the  surface  of  the  v/ater  while 
the  nanometer  column  extends  into  the  air  compartment 
above.   Hence  the  liquids  in  the  cell  tend  to  take  on  the 
temperature  of  the  v;ater  while  the  air  in  the  nanometer  as- 
sunies  the  temperature  of  the  air 

The  plates  supporting  the  cans  are  perforated  for 
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the  introduction  of  the  thermometers,  which  indicate  the 
temperature  of  the  vreiter  in  the  bath.   Thermometers  are 
also  introduced  through  the  top  for  registering  the  temper- 
atux-e  of  the  air.   These  themiometers  are  graduated  to  0° .  2 
and  iiave  oeen   carefully  compared  with  a  thermometer  cali- 
brated at  the  Reichanstalt, 

I?or  the  circulation  of  the  v/ater  the  following  ar- 
rangement is  provided:   A  lead  pipe  of  30  irim. ,  internal  di- 
aneter,  joined  to  a  larger  brass  pipe  at  its  upper  end  and 
terminating  just  below  the  surface  of  the  water,  runs  down 
the  side  of  the  tank  and  along  its  bottom  to  the  other  end. 
Another  pipe,  arranged  in  much  the  same  v/ay,  though  termi- 
nating above  the  surface  of  the  water,  passes  down  the  end 
of  the  tank  to  the  bottom,  v/here  it  divides  and,passes  to 
either  corner  of  the  other  end  of  the  tank,  v/here  it  rises 
and  terminates  near  the  top  of  the  air  compartment,  as 
shown  at  _i  and  h.   Operating  v/ithin  the  brass  portion  of 
the  v/ater-pipe  is  a  screvif  propeller  drav/ing  the  v;ater  from 
the  bottom  of  the  far  end  of  the  tank  and  delivering  it  at 
the  surface  beneath  the  rriachinery,  and  in  the  air  shaft  a 
fan  rotates  and  draws  the  wanner  air  from  the  upper  part  of 
the  comijartment  and  delivers  it  at  the  surface  of  the  other 
end  of  the  tank.   This  arrangement  for  circulating  the  air 
through  pipes  immersed  below  the  water  was  designed  with  a 


34 


view  of  niaintaining  both  the  air  and  v/ater  at  as  nearly  the 
saw.e  temperature  as  possible. 

The  machinery  by  v-hich  the  puirjp  and  fan  are  operated 
is  situated  above  the  tank,  at  the  left  in  the  photograph, 
and  outside  the  air  compartment.   The  propeller  and  fan  are 
rotated  by  means  of  tv/o  flat  disks  faced  v/ith  leather, 
mounted  on  a  horizontal  shaft  connected  by  a  bolt  with  the 
motor  below.   The  speed  of  the  fan  and  propeller  can  be  va- 
ried through  wiae  ranges.   The  most  satisfactory  speeds 
nave  been  found  to  be  about  800  rotations  per  minute  for 
the  propeller  and  2500  for  the  air  fan.   All  this  machinery 
is  accurately  constructed  and  runs  smoothly  and  for  long 
periods  with  little  attention. 

The  air  compartirient  is  protected  from  corriiaunication 
with  the  atmosphere  by  a  neavy  enarrtel  coating  over  the  in- 
terior, and  by  providing  all  joints  around  the  window  and  J 
top  v/ith  weather  strips.   The  plate  glass  v«rindow  is  fui-ther 
provided  with  a  hair  padded  curtain,  sections  of  v/hich  can 
be  opened  for  the  purpose  of  reading  the  monometers  and 
thermometers.   Illumination  is  secured  by  means  of  light 
from  an  incandescent  lamp,  thrown  in  from  the  exterior. 

To  provide  against  fluctuations  in  temperature  with- 
out the  tank,  the  whole,  i.e,,  tank,  cathetometer,  etc,  is 
surrounded  by  a  canvas  house  3.3  meters  in  length,  2  meters 


35 


in  width,  und  2,6  meters  in  height,  within  v/hich  the  observ- 
er stands  v;hile  talcing  observations.   The  temperature  of 
tnis  small  room  is  controlled  quite  accurately  by  automatic 
electric  und   gas  stoves   shown  in  Tig.  3  at  1_  and  n,  re- 
spectively.  These  stoves  are  arranged  so  as  to  maintain  a 
given  temperature  betv/een  sni£;.ll  limits  by  means  of  regulat- 
ors, as  shown  at  j_  and  m. 

The  distribution  and  support  of  the  various  parts  of 
the  meusuring  apparatus  may  be  seen  in  Fig.  3,  v/here  f_   is 
tne  cathetometer,  £  the  steoidard  meter  scale,  etc. 

This  equipment  has  solved  in  quite  a  satisfactory 
nanner  the  control  of  temperature  conditions.   The  data  re- 
corded in  the  experiments  tabulated  in  the  experimental 
part  of  this  paper  show  how   closely  this  condition  has  been 
controlled,   A  few  observations  v/ill  be  mentioned,  however, 
for  illustration.   Thus,  in  Experiment  1,  0.1  weight-nor- 

0 

mal.    Table   I,,    there    v/as  a  variation  of   only  1   ,1   in  the 
temperature   of   the   water  and   of  1    ,5    in   the    temjjerature   of 
the   air  during  a  period  of   18  hours.      The    temperatures   of 
the  ciir  and  water  were   the    same   at   the    beginning   of    the   ex- 
periment,   but    j/ere   O'^ .  6  apart  at   its    conclusion.      This   is 
a  fair  exaitiple   of   the    records   on   temperatures. 
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Correction  for  Inver s i o n . 

Another  difficulty  wnicn  has  to  be  contended  v/ith  ir. 
the  riieasurerr.ent  of  pressures  of  cane-sugar  solutions  is  the 
small  ar.ount  of  inversion  v/hich  takes  place  in  the  cell 
during  the  course  of  the  experiinent.   Heretofore  the  amount 
of  this  inversion  has  been  aetermined  by  means  of  ?ehling 
solution.   This  proved  very   unsatisfactory  on  account  of 
the  vt:-ry  srrall  quantity  concentrations  of  invert-sugar  that 
must  be  dealt  with. 

The  adaptation  of  the  saccharimeter  to  the  determi- 
nation of  this  inversion  has  proved  a  satisfactory  means  of 
dealing  with  the  problein. 

The  instrunient  used  in  this  v/ork  is  the  Schiriidt  and 

(1) 
xiaensch   half-shade  Sacchanimeter  with  triple  field  and 

double  quartz-wedge  compensation.   Illurriination  is  produced 

by  means  of  a  srriall  six-volt  incandescent  lamp  of  Haensch 

and  Schmidt.   Objectionable  rays  are  cut  off  and  a  unifortri 

field  procurred  by  placing  between  the  source  of  light  and 

the  polarizer  an  absorption  cell  of  potassiuiri  bichromate 

solution.   The  end  point  i:3  determined  by  equality  of  shadC; 

The  scale  of  the  instrument  is  the  ^^entzke-Soleil, 

0 

One  hundred  aegrees  on  this  scale  correspond  to  34  .55 

(1)   For  detailed  description, see  Schmidt  and  Haensch: 
Beschreibung  und  Gebranchs  -  anweisung  zu  den  Polarisations 
Apparaten(1896) .and  their  Spezial-Preisliste  (1902). 
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(D  ray),    and  59^^.10    (j,  ray)    on  the   circular   scale. 

The   scale   carries   a  vernier  and    readings  may  be  made 
to   one- tenth  of   a  degree.      The    "normal   solution"   for  the 
instrument   is    oue   containing   26,048  graiTiS   of   cane-sugar, 
v/eighed   in  air  with  brass  weights,    in  100  liohr  cubic   centi- 
ineters  at  17   5,      Such  a  solution  produces  a  rotation  of 
lOo'^ ,      ■mien  polarized   in  a   tv/o-decimeter   tube. 

For   the   details   of    the   cidaptation  of    this   instrunient 
to    the   determination  of   the    inversion   that   takes  place   in 
a   solution  during  a  measurement   of    osmotic   pressure,    by 
simply  deterriiining   the   aifference    in   rotation  of  a    reserved 
portion  ox    the    original  solution  and   of   the   solution  taJcen 
from   the    cell   after   the   pressure  measurement,    reference   is 
made    to   the  Dissertation,   Johns  Hopkins  University    (1906) 
of  Mr,   E,    J.    Hoffman,    in  cOlaboration  v/ith  whom  the   theo- 
retical  tables   below  v/ere  v/orked  out  and  by  v/hom  they  were 
verified   experimentally. 

The   general  plan  of    these   calculations  will   be    indi- 
cated  briefly. 

The    solutions   of   v/hich   the   osmotic   pressures  were 
measured  v/ere  iriade   up   on   the    weight-nomrial  basis,    i,e,,    a 
grarti-iiiolecule  weight,    and   sub-multiples   on  the  hydrogen 
basis,    of   cane-sugar  v/ei'e   dissolved  each  in  1000  grairiS   of 
v/ater,    all  v/eighings   reduced   to  vacuuiri. 
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A  solution  ccntdning   26,077   gi'anis   of   sugar   in  lOOcc. 
of   solution  at   2CP  ,    made   up   in  a  flask   calibrated  for   20    , 
produces    the    same   amount   of   rotation  as  the    above    "nonrial 
solution",      Tnat   is,    v/hen  polarized   in  a   tv/o-decimeter   tube 
it   produces   a   rotation   of   lOO'^    or  1      rotation   corresponds 
to   0.^6077   grams      of   sugar  in  100   cc.      This   solution  con- 
tains  23.68  per   cent,    of    sugar,      A  0,9   v/eight- normal   solu- 
tion contains   23,41  per  cent,    of   sugar.      The   specific    ro- 
tatory pov/er   of   cane   sugar   solutions   does   not   change   appre- 
ciably for  even  greater  differences   in  concentration  than 
this,    so    the   same  value   66,52   is    taken  for    the    "standard 

solution"   and   the  1,9  v/eight-nonrial  solution.        This  value 

(1) 
was    calculated  from  Tallens'    forniula 
20 
^d.~\        z    66,386    -    0.015035   p    -    0.0003986 

Where  p-  percentage  of  sugar. 

Therefore,  in  a  0,9  weight-normal  solution  of  cane- 
sugar  each  degree  of  rotation  corresponds  to  0,26077  granis 
in  100  cc,  rotated  at  20 '^  in  a  two-decimeter  tube. 

The  specific  rotatory  power  of  invert-sugar  was  de- 

(2) 
aucea  from  Gubbe's  formula, 
20 
J^oC  ^   -   -  19,657  -  0,0361  c,,  v;here  c  c  number  of 

(1)  Ber,  d,  chem.  Ges.  10,  1403  (1877);  Landolt,  Optische 
DrehungsvemiOgen. 

(2)  Ibid,  18,  2207;  Z,  V,  R  bz,  -  Ind,  1384;  1345, 
Landolt,  Optische  Drei lungsvermttgen. 
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{^^rarris.    invert-augar   in  100   cc.        The  mean  concentration, 
c   s    -19,67,    of   invert-sugar   in  our   experiments  was   used. 

Tne   ratio   of    iae   sjjecific   rotatory  power  of   invert- 
sugar   to    that    of   cant-sugar   is   found   to   be   0,2957,    or 
1   grairi     of   invert-sugar  produces   the   Scirrie   rotation,    in  ojj- 
posite   direction,    that  0,2957   granis      of  cane-sugar  produces 
This  enables    us   to   calculate    that    the   invert-sugar   result- 
ing from   the    inversion  of  0.26077   grams      of   cane-sugar  v/ill 

0 

produce  a  laevo-rotation  of  0  ,311, 

Consequently,  if  0,26077  grams   of  cane-sugar  is  in- 
verted in  a  0,9  weight  normal  solution,  there  v.ill  be  a 

0 

loss  of  1   in  rotation  due  to  the  loss  of  the  cane-sugar, 

0 

and  a  further  loss   of  0    ,311   due   to    the  laevo-rotation  of 
the   invert-sugar  fonr«ed.      Thus,    a  loss   of   1^,311   in  100   cc. 
of  a  0,9  v/eight-norrtial   solution   corresponds    to   the   presence 
of  0.2745   granris^       (the   aniourt   of   invert-sugar  formed  by   the 
inversion  of   0.26077   graniS      of   cane-sugar)    of   invert-sugar 
or  1     loss    ^0;2093  granris      invert- sugar  in  100   cc. 

In  the  sairie  way  the  amount  of  inversion  correspond- 
ing to  a  loss  of  1  in  rotation  in  solutions  of  other  con- 
centrations may  be  ascertained.  The  result  of  such  calcu- 
lations  are    shown  in  Table   B, 

It  will   be  seen   that    the    change   in   this  value   for 
the   range   of   concentrations  with  v/hich  we  have  had    to   deal 


TABLE  B. 
20° 


II. 


III. 


IV. 


V. 


VI, 


Weight   Grams  of  Percentage  ( <^  )?^ 

Normal-   cane-su-  concentra-  for 

ity      gar  in    tion  cane-su- 

1000  grams  gar . 

water 


drams 


(  ^   ) 


20 


invert-     for 
sugar  in  invert- 
lOOcc.  of  sugar, 
solution. 


0.10 

33.96 

3.284 

66.431 

0.10-1.00 

0.20 

67.92 

6.360 

66.466 

n 

0.30 

101.88 

9  .?46 

e6.491 

n 

0.40 

135.84 

11.959 

€6.508 

N 

0,50 

169.80 

14.515 

6  6.i20 

n 

0.60 

203.76 

16.927 

66.526 

n 

0.70 

237.72 

19  ,206 

66.528 

N 

0.80 

271.68 

21.:'i64 

66.525 

n 

0.90 

305.64 

23.i09 

66.520 

n 

1.00 

339.60 

25.351 

66.510 

n 

-19 .  67 
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TABLE  B      (continued) 


VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Ratio 

Grams 

Grains  ( 

of 

Laws 

Total 

Grams 

of  VI. 

cane-sugar 

invert- 

-sugar 

rotation 

loss   in 

invert- 

to   IV. 

in   lOOOcc. 
producing 
1°   rotation 

formed 
VIII. 

from 

of   IX. 

rotation 

.   sugar   in 
lOOco.   = 
10   loss 
in  rota- 
tion. 

0.2961 

0.26112 

0.27487 

0.3117 

1.3117 

0.20955 

0.2959 

0.26098 

0.27472 

0.3115 

1.3115 

0.20947 

0.2958 

0.26098 

0.27461 

0.3114 

1.3114 

0.20940 

0.2958 

0.26061 

0.27454 

0.3113 

1.31i3 

0.20937 

0.2957 

0.26077 

0.27450 

0.3113 

1.3113 

0.20933 

0.2957 

0.26075 

0.27447 

0.3113 

1.3113 

0.20931 

0.2957 

0.26073 

0.27445 

0.3113 

1.3113 

0.20930 

0.2957 

0.26075 

0.27447 

0.3113 

1.3113 

0.20931 

0.2957 

0.26077 

0.27450 

0.3113 

1.3113 

0.20933 

0.2957 

0.26080 

0.27453 

0.3113 

1.3113 

0.20936 
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is  too  cniall  to  be  detected  by  our  sacharimeter,  so  the  ef- 
fect of  differences  in  concentration  has  been  neglected  and 
the  average  value  of  coluirm  XII.  used  in  the  following  cal- 
culations. 

The  values  in  Table  B  hold  only  for  the  temperature 
of  20 '^.   The  procedure  in  detenrdning  this  value  for  dif- 
ferent temperatures  is  essentially  the  sairte  as  the  above. 

The  specific  rotatorv  power  of  cane-sugar  at  different  tem- 

(1) 
peratures  is  calculated  from  the  fonriula. 

t        20 
(o«.  )      r  (  oL  )      -   0.0144  (t  -  20) 

L         i^ 

Similar  values   for   invert-sugar  are   obtained  from  the   fonn- 

(2) 
la  of  Gubbe. 

t         20  2 

{'<)         -       {c-  )  -  0,3041  (t  -  20)  -  0.00160  (t  -  20) 

J)  D 

Table  C  contains  the  results  for  six  different  tem- 
peratures.  Colunrm  VIII,  contains  the  quantities  of  invert- 
sugar  in  100  cc,  'vvhich  correspond  to  a  loss  of  1   in  ro- 
tation. 


(1)  Landolt,  Optische  DrehungsvermOgen,  p,  531. 

(2)  Ibid.,  p.  526. 
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I. 


II. 


III. 


IV. 


Temper- 
ature 

t 
■    K)      for 

li 
Caiie- sugar 

t 
{«-)       for 
33 
invert-sugar 

Ratio 
II. to   I. 

Granis. 
cane-sugar 
in  100   cc. , 
1      rotation 

18° 

66.53 

-20.27 

0.3047 

0.26072 

19° 

66.51 

-19.97 

0.3003 

0.26080 

20° 

66.50 

-19.67 

0.2958 

0.26084 

21° 

66.49 

-19.36 

0.2912 

0.26088 

22° 

66.47 

-19.06 

0.2867 

0.26096 

23° 

66.46 

-18.74 

0 . 2820 

0.26100 

V. 

VI. 

VII. 

VIII. 

Temper- 
ature 

Granis. 
invert-s 

formrd  f 
IV. 

Laevo 
ugar     rotation 
rom          of  V. 

Total   loss 
in  rotation 

Graxris  .  in- 
vert-sugar 
in  100   cc. 
1   loss    in 
rotation 

18° 

0.27445 

0°.3207 

1°.3207 

0.20780 

19° 

0.27453 

0°.3160 

1°.3160 

0.20861 

20° 

0.27457 

0°.3114 

1°.3114 

0.20937 

21° 

0.27462 

0°.3065 

1°.3065 

0.21019 

22° 

0.27470 

0°.3018 

1°.3018 

0.21102 

23° 

0.27474 

0°.2968 

1°.2968 

0.21186 

In  order  to  apply  this  to  our  experiments,  it  is 
necessary  to  know  the  arriount  of  invert-sugar  contained  in 
every  1000  graniS  of  water  in  any  ^iven  solution  of  cane- 
sugar,  since  the  solutions  of  which  the  osmotic  pressure 
was  nieasured  were  made  up  on  this  basis. 

In  order  to  niake  this  transf ontiation  to  the  v/eight- 

basis,  the  values  in  Colurrin  Vm,,  must  be  multiplied  by 

one-tenth  the  voluiries  of  the  corresponding  solutions.  These 

coluirtes  v/ere  found  from  the  specific  gravities  interjjolated 

(1) 
from  the  values  given  by  Morse  and  Frazer, 

The  results  of  this  calculation  are  given  in  Table  !>• 


(1)   AiTi.  Chem.  J.   i54,  1, 
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TABLE   D. 

Invert-Sugar   in  Grairts   per  1000.    Grams  of  Water  producing 
a  loss   of   1°    in  Rotation, 

Weight 

Normal  Temperature. 

Cone en- 

tration.   IS      19      20      21  22  23 

0,10     2.12    2.13    2.14     2.15  2.15  2.16 

0.20      2.16     2.17     2.18    2.19  2.20  2.21 

0.30     2.21     2.22    2.23    2,23  2.24  2,25 

0.40     2.25     2.26     2.27     2,28  2,29  2.30 

0.50     2.31     2.32    2.32    2.33  2.34  2.35 

0.60      2.34     2.35     2.36     2.37  2.38  2.38 

0.70     2.38    2.39     2.40     2,41  2.42  2,43 

0.80      2.43     2.44     2,44     2,45  2,46  2,47 

0.90      2.47     2.48    2.49     2.51  2.51  2.52 

1,00     2.51     2.52    2,53    2,54  2,55  2,56 
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The  above  tables  have  been  tested  experimentally  and 
the  values  given  shown  to  hold  satisfactorily.   Reference 
has  already  been  made  to  the  publication  of  these  experi- 
mental results. 

The  correction  for  inversion  may  now  be  easily  made 
by  simply  detenrdning  the  rotation  in  a  tv/o  decimeter  tube 
of  some  of  the  original  solution,  v/hich  must  be  reserved 
for  the  purpose,  and  of  the  solution  from  the  cell.   The 
loss  in  rotation  in  degrees  is  multiplied  by  the  valuei  tak- 
en from  the  table  for  the  given  concentration  at  the  temp- 
erature of  polarization.   This  gives  the  concentration  of 
invert-sugar  in  grains  per  1000  granis  of  vmter.   The  os- 
motic pressure  that  v/ould  be  produced  by  one -half  this  quan 
tity  of  invert-sugar  is  the  correction  that  must  be  deduct- 
ed from  the  obseirved  osmotic  pressure. 

Correction  for  Dilution  of  Cell  Contents. 

There  must  be  some  dilution  of  the  cell  contents, due 
to  the  small  quantity  of  v/ater  dravm  in  from  the  cell  wall 
during  the  manipulation  of  attaching  the  manometer  to  the 
cell,  also  to  any  slight  increase  in  the  capacity  of  the 
cell  under  pressure,  and  to  the  rise  of  the  mercury  in  the 
manometer.   Experience  and  calculations  as  to  the  extent  of 
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dilution,  due  to  these  sources,  indicate  tiiat  it  is  very 
small.   Small  as  this  dilution  is  at  most,  it  is  nearly  en- 
tirely obviated  b:  the  practice  of  following  up  the  develop 
ment  of  tiie  osmotic  pres.sure  with  mechanical  pi-essure  on 
the  stopper,  produced  by  screwing  down  the  nut  carried  by 
the  manometer.   This  almost  entirely  removes  the  dilution 
that  v/ould  be  produced  by  the  rise  of  the  luercury  in  the 
manometer,   A  calcula-tion  of  the  aniount  of  this  dilution  in 
the  most  extx'eme  case  met  with  shov/ed  that  it  corresponded 
to  less  than  0,01  atmosphere   in  pressure,    Screv/ing  dov/n 
the  nut  of  the  manometer  is  also  necessary  to  cive   rigidity 
to  the  joint  of  the  manometer*  and  cell, 

A  source  of  dilution  which  must  sometimes  be  taken 
into  account  is  that  produced  by  the  slipping  of  the  man- 
oiueter  in  the  stopper.   This  movement  is  measured  by  the 
rise  in  the  top  of  the  manometer,  which  sometimes  takes 
place  to  the  extent  of  a  millimeter  or  two,  though  usually 
to  a  mucn  less  extent.   In  experiments  v/here  an  abnonrial 
rise  of  the  top  of  the  manoineter  takes  place  it  is  also  ob- 
served that  the  loss  in  rotation  of  the  solution  is  greater 
and  the  osmotic  pressure  lower  than  in  the  case  of  exper- 
iments v;ith  solutions  of  the  sanie  concentration, where  this 
movement  of  the  manometer  is  much  less.   This  is  just  v/hat 
is  to  be  e;xpected. 
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In  such  experimenta  this  dilution  may  be  corrected 
for  on  the  basis  of  other  experiments  of  like  concentration 
where  the  rrianometer  reinainea   coia^aratively  rigid.   The 
loss  in  rotation  in  the  latter  experiments  is  regarded  as 
the  norjaal  loss  for  inversion  in  this  concenti'ation  and  the 
forTTier  experiment  is  corrected  for  inversion  with  this 
value.   The  excess  loss  in  rotation  in  the  experiment  where 
there  was  a  slipping  of  the  rrianometer  is  calculated  as  loss 
in  concentration  of  the  solution  in  cane-sugar,  and  its 
value  in  pressure  is  calculated  ana  added  to  the  observed 
pressure.   Experiments  corrected  in  this  v/ay  fall  in   line 
v.'ith  those  v/nich  do  not  require  this  correction.   No  exper- 
inrients  in  Vi^hich  it  was  necessary  to  apply  this  correction 
for  dilution. 

Other  Corrections, 

In  all  observations  on  the  mercury  coluirin  the  hair 
of  the  manometer  v;as  set  on  the  edge  of  the  mercury  column 
ana  the  proper  correction  applied  for  the  maniscus,  assum- 
ing it  to  be  hemispiierical  in  the  snail  bore  of  the  manunne- 
ter. 

To  the  sugar  solutions  of  v/hich  the  pressure  v/ere 
measured  .vas  measured  was  added  0,0S59  grams  of  K  Pt  fCN), 
3H^0  per  100  grarris .  of  water.     The  solvent  which  sur- 
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rounded   the    cell   contained  1.2592  grams,    of   CuSO^^.  5H^0   per 
1000  grams   of  v/ater.      These   concentrations   of  membrane 
fomiers   are   not    isotonic,      however,    as   it   vira.s   uncertain 
whether   their  exact   influence   on   the    pressures  measured 
could   be    easily  determined,    and  as    these  concentrations 
were    used   in  the   previous  measurements,    it  was   decided   to 
continue    their    use   that   the    results  might  be   comparable. 
No   correction  has  been  applied  for   their   influemce,    as  pre- 
liminary experiments   indicate   that   the   problem  is   one   of 
some   complexity.      In  the   lower   concentrations   their   influ- 
ence  is  probably  most  felt  and  amounts   roughly   to  0.05  at- 
mosphere pressure   on  the    interior  of    the    cell. 

The   deviation  of  Bayle's   law  for  air  belov/  pressures 
of   25  atmospheres  nas  been  considered  carefully,   and  ov/ing 
to  the   extremely  slight  magnitude,    and    to   the   meagre   and 
unsuitable   data  for  determining  its  extent, and  further   to 
the   compensating  effect   of    the    temperature   coefficient  of 
air   under  pressures,    it  has  been  decided   to   disregard   its 
influence    in  the    calculations  below. 

In   regard   to   the  expansion   of   the    vra,lls   of  the   rrian- 
cmeter   it  might   simply  be   stated   thtt-t   the    distance   betv.een 
the    top   of    the   manometer  and    the   bottom   scratch,    when   the 
instruiTient  was    unaer   the   greatest  pressure  measured,    was 


50 


identical  with  this  distance  measured  where  the  iranoi  eter 
was  not  subjected  to  pressure,  and  this  is  the  dimension 
which  would  be  affected  greatest  if  expansion  took  place. 

Any  fermentation  of  the  products  of  inversion  within 
the  cell  would  of  course  affect  the  pressure.   No  evidence 
of  such  fermentation,  however,  has  ever  been  observed. 

In  the  lonri  of  manometer  used,  small  quantities  of 
air  must  be  condensed  against  the  v;alls  of  the  tube  as  the 
inercury  coluinn  rises,  but  there  seems  no  satisfactory  meth- 
od of  detentiining  its  aniount,  though  it  is  surely  very- 
small. 

When  the  cell  contents  are  under  pressure,  the  mer- 
cury thread  is  forced  over  into  the  bulb  oi^  the  descending 
ami,  which  has  iiiany  times  the  diameter  of  the  bore  of  the 
manometer  tube,  so  a  correction  niust  be  applied  for  capil- 
lary depression.   The  amount  of  this  correction  has  been 
determined  and  applied  as  recorded  in  the  tables. 

General  and  Theoretical  ConsJ derations. 
When  accurate  measurements  of  the  osmotic  pressures 
of  solutions  were  secured  in  this  laboratory,  it  was  at 
once  noticed  that  the  values  obtained  departed  v/idely  from 
the  theoretical  [:;as  pressures  calculated  on  the  basis  that. 
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"Dissolved  substances  exert  the  sarrie  pressure,  in  the  form 

of  osmotic  pressure,  aa  they  would  exert  were  they  giasifi- 

(1) 
ed.  at  the  sanie  temperature,  without  change  of  voluitte.  '•  A 

basis  which  seems  to  nave  been  regarded  as  the  proper  one 
for  the  comparison,  according  to  the  hypothesis  of  van't 
Hoff ,  of  osmotic  pressure  and  gas  pressure.   Under  such 
circuiTistances,  it  is  evident  either  of  two  courses  must  be 
pursued.   The  discrepances  must  be  regarded  as  abnormali- 
ties and  reconciled  in  some  way  with  the  values  derived 
from  the  gas  laws,  or  else  a  new  basis  must  be  found  for 
the  consideration  of  osmotic  pressure.   The  fornier  course 
is  tne  one  wnich  has  hitherto  been  followed,  though  no  sat- 
isfactory way  has  yet  been  presented  for  accounting  for 
tnese  abnorrrialities. 

If,  on  the  other  hand,  the  iriass  of  the  solvent  is 
taken  into  consideration,  as  it  does  not  seem  to  nave  been 
done  previous  to  the  v;oric  in  this  laboratory,  a  new  basis 
may  be  e^stablished  waich  places  the  values  for  osmotic 
pressures  and  gas  pressures  in  very  close  agreement  through- 
out the  entire  series  of  concentrations  studied  in  this 
v/ork.   That  is,  if  the  volume  at  v/hich  the  gas  pressure  is 
to  be  calculated  is  regarded  not  as  the  volunrie  of  the  so- 
lution, but  as  the  volurie  of  the  solvent  at  its  temperature 
(1)   Solutions,  Ostwald  (Trans,  by.'.uir),  London,  1891, 
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of  rriaximum  density,    the   aiscrepancies  betv/een   the  values 
for  osiiiotic   pressures   and   corresponding  gas  pi-essures  will 
disappear. 

In  accordance   with    this   ioea,    the   solutions   studied 
below  have  been  prepared   by  dissolving   sub-multiples   of    the 
gram-molecular  weigiit   of   cane-sugar   in  one    thousand 
grams   of  water,    thus   defining   the  voluine   of   our  gas   as  the 
unit  voluirie,      1.  litre.  Such   solutions  are  hereafter  des- 

ignated as   v/eight -normal   solutions,    to   distinguish  them 
from  solutions   prepared  by  dissolving   the   given  substance 
in  water  and  diluting   up  to   a  litre.      It   is   evident,    of 
course,    that   the   volumes   of  v/eight -normal   solution,    prepar- 
ed  in  the  above  uiunner,    are  greater   thi^n  1  litre, 

Tne   gas  pressures  are    xhen  calculated  by  finding  the 
pressures  which  corresponding  concentrations   of  hydrogen 
gas  would  exert  v/nen  enclosed  in  1  litre  volume,    at   the 
temperatures   of  the   solutions,   v/ith  the    osmotic   pressures 
of   which  they  are   to   be    compared. 

For  exaunple,  to  prepare  a  1.0  weight -no  nrial  solution 
of  cane-sugar,  539,6  grairis.  of  sugar  (H  )  =  1.)  are  dissolved 
in  1000  graiTS.  of  water,  and  the  corresponding  gas  pressure 
found  b2/  calculating  the  pressure  exerted  by  2  grams,  of 
hydrogen  gas  when  reduced  to  1  litre  volume,  at  the  temper- 
ature  at  v/hich  the    osmotic   pressure   of    the   solution  is 
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measured.  Thus  taking  Morley's  value  0.089S26  grajti.  for 
the  weight  of  1  litre  of  hydrogen,  under  standard  condi- 
tions  of    temperature   and   pressure,    reduced   to   the   latitude 

2.00 

of  this  place,  we  have a  22,265   atmospheres 

0.089826 
at   0°    or   at    any  higher   temperature    22,265    (1    ■»•   0.00367    t) 

or  22,265  +  0,0817  t^,  atmospheres,  for  the  gas  pressure 

corresponding  to  the  osmotic  pressure  of  a  weight  normal 

solution  at  tne  temperature  t_.    That  is,  if  a  v/eight-nor- 

mal  solution,  exerts  an  osmotic  pressure  equal  to  the  jjres- 

sure  of  a  gramrmolecular  v/eight  of  a  gas  reduced  a  1  litre 

volume,  and  if  osmotic  pressure  like  gas  pressure  obeys  the 

law  of  Gay  Lussac,  its  osmotic  pressure  should  be  22,265 

atmospheres  at  0   or  22,265  +  0,0817  t  atmospheres  at  any 

higher  temperature. 

Consequently,  if  the  osmotic  pressure,  P,  -which  any 

solution  is  found  to  exert  at  the  temperature  jt,  is  divided 

by  22,265  f  0.0817  t,  the  quotient  is  the  concentration  of 

the  solution  in  terms  of  the  weight-normal  system,  thiit  is, 

P 

c  weight- no niial   concentration  of  any 


22,265  +  0.0817  t 

solution. 

To  find  the  molecular  weight  M,  of  any  solution  from 
the  osmotic  pressure,  P,  which  a  known  v/eight  of  it,  W,  ex- 
erts when  dissolved  in  1000  grams,  of  water,  we  have  only 
to  ascertain  the  value  of  M  in  the  proportion 
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P 

:   1   :;  w  :   M. 

22,265    <■    0.0817    t 

The  fonriula  for    tne    calculation  of  molecular  weight  from 

osmotic   pressure    is,    therefore 

W(22.265    +    0.0817    t) 


M    = 

P 

The  measurements  given  in  the  following  tables  have  been 
tested  by  this  formula  and  the  results  given  in  the  last 
column  of  each  table. 


EXPERIMENTAL  PART. 

The  cell  used  in  these  experiments  and  designated  by 
G,  was  before  baking,  of  tne  following  dimensions:   Length, 
9.12  cm.,  diameter  of  opening,  2,51  cm,,  exterior  diaitieter 
belov/  rim  3,58  cm.   After  baking  the  dimensions  were: 
Length,  8,25  cm,,  exterior  diameter  at  top  just  below  rim, 
3.25  cm,,  exterior  diairieter  at  bottom  2,60  cm,,  interrior 
dian-teter  at  top,  2,28,   The  cell  had  a  capacity  of  15,3cc, 
after  tne  stepper  bearing  the  manometer  had  been  inverted. 

The  cell  having  been  constructed  as  described,  v/as 
made  ready  for  use  by  the  deposition  on  its  inner  surface 
of  a  semi-permeable  merribrane  of  copper  ferro cyanide.   This 
was  the  '-cind  of  membrane  used  throughout  the  v;ork. 
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Preliminary,    however,    to   the   deposition  of   the  mem- 
brane,   the   air  must   be    removed  from   the   porous  v/all   of   the 
cell.      To   accomplish   this, advantage  v/as   taken  of    the    "elec- 
trical  endosmose"    of   dilute   salt   solutions,      Por   this  pur- 
pose  a  glass    tube,    having   the   same   diameter  as    the   neck  of 
the   cell,   and  about   10   cm,    long,    provided  with  a   smaller 
side   tube   for   the   overflow,    v/as   attached   to   the   neck  of   the 
cell  v/ith  a  stout   rubber   connection,      A  smaller   tube,    pro- 
vided with  a  reservoir  at   one   end  and   closely  wrapped  v/ith 
a  platinum  electrode   at   the   other,    was  passed   through  a 
stopper  in  the   larger   tube  and   extended  almost   to   the   bot- 
tom of   the    cell,      A  heavy  platinum  v/ire,    running  up  the 
side   of   the    siaaller   tube  and  passing  out   through  the    cork, 
joined   the   electrode   to   a  binding   post   on  the   stand  holding 
the  apparatus.      The   cell  was   held  suspended   in  a  jar  by 
means   of  a  claiiip  attached   to    the   stand,   and   surrvDunded  with 
a  large  platinurri  electrode,   v/hich  v/as    connected  with   the 
other  binding  post   on   the   stand. 

The    outside   vessel   and   the   cell  were  filled  with  a 
0,005  norrrial   solution  of   lithium  sulphate.      The   electrolyte 
formerly  used  was  a   solution  of  potassium  sulphate   of   the 
same   concentration,    but    the    lithiunri  salt  v/as   found  prefer- 
able,   as   it  produced  a  much  more   rapid   endosmose. 

The   purpose   of   the   reservoir  attached   to    the    siTialler 
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tube  was  to  renew  the  solution  v;ithin  the  cell  from  time  to 
time,  since  this  accelerates  the  endosmose.   The  side  tube 
was  to  provide  for  the  overflow  of  the  solution  which  was 
caught  and  measured.   The  amount  of  this  overflow  is  an  in- 
dication of  the  texture  of  the  cell  wall, 

A  potential  of  110  volts  v>ras  employed  and  the  cur- 
rent passed  through  the  cell  from  the  outside.   At  first 
the  current  was  0,54  ampere  and  the  overflow  very  rapid, 
an^iounting  to  about  50  cc,  the  first  hour.   In  several  hours 
hov/ever,  the  current  fell  to  0,025  ampere  and  the  overflow 
decreased  to  7  cc,  per  hour,  and  later  to  5  cc.   About 
140  cc.  v/ere  passed  through  the  cell  wall  before  the  air 
was  regarded  as  being  entirely  displaced.   This  method  of 
removing  the  air  from  the  cell  wall  was  supplemented  by  im- 
mersing the  cell  in  recently  boiled  distilled  water.   An 
endosinose  as  sirall  as  this  is  unusual  and  indicates  a  very 
dense  texture.   In  cells  used  in  other  parts  of  this  v/ork 
endosmose  of  20  cc,  to  30  cc,  was  obtained,  while  in  the 
cells  used  in  this  laboratory  last  year  it  amounted  to  as 
much  as  40  cc,  per  hour.   This  density  of  texture  is  also 
indicated  by  other  characteristics  which  will  be  pointed 
out  later. 

After  the  air  is  removed  from  the  porous  wall  the 
electrolyte  is  replaced  by  distilled  water  and  the  current 


57 


closed,  frequent  renewals  being  made  until  the  electrolyte 
is  completely  removed.   This  generally  requires  about  12 
hours. 

The  cell  is  now  ready  for  the  deposition  of  the  mem- 
brane.  For  this  purpose  the  same  apparatus  was  employed  as 
was  used  for  the  removal  of  the  air  from  the  cell  wall, 
substituting  fox*  the  platinuiri  anode  surrounding  the  cell 
one  of  copper.   A  0,1  solution  of  copper  sulphate  v/as  plac- 
ed in  the  outer  vessel  containing  the  copper  anode  and  the 
cell  was  filled  with  a  0,1  nornal  solution  of  potassium 
ferrocyanide,   A  potential  of  110  volts  was  found  most  suit 
able  for  the  deposition  of  this  membrane. 

The  solution  of  potassium  ferrocyanide  within  the 
cell  was  rer.ewed  every  five  minutes  to  prevent  the  accuiriu- 
lation  of  alkali,  whicn  is  injurious  to  the  membrane.   In 
the  deposition  of  membranes  this  must  not  be  neglected.  The 
strength  of  the  current  was  read  every  ten  minutes,  though 
usually  at  five  minute  intervals  in  the  initial  deposition, 
in  order  to  secure  information  regarding  the  fonnation  of 
the  membrane.   The  current  passing  through  a  ^^ood  cell  aft- 
er the  formation  of  the  membrane  has  coirirrienced  is  small, and 
was  read  with  a  Weston's  direct  reading  mill-airiirieter. 

The  potential  of  the  current  used  in  the  deposition 
of  membranes  must  be  very  steady.   The  source  of  the  cur- 
rent employed  in  this  work  v/as  a  storage  battery  of  72 
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cells,  which  could  be  ax*ranged  so  as  to  give  the  desired 
voltage. 

The  record  of  the  initial  deposition  of  the  membrane 
will  be  given  to  snow  the  course  of  its  formation. 


RECORD. 


February  6,  1906, 


Time 

Current 

3:10 

P.M. 

0.0010 

3:20 

0.0014 

3:25 

» 

0.0020 

3:30 

II 

0.0022 

3:35 

II 

0.0022 

3:40 

n 

0.0022 

3:45 

II 

0.0023 

3:50 

It 

0.0030 

4:00 

It 

0.0043 

4:10 

n 

0.0047 

4:20 

If 

0.0047 

4:30 

11 

0.0045 

4:40 

II 

0.0042 

4:50 

11 

0,0035 

4:55 

If 

0.0031 

Itage 

Resistance 

106. 

106000. 

106. 

75714. 

106, 

53000 

106, 

48181 

106. 

48181. 

106. 

48181. 

106. 

46304. 

106. 

35500. 

106. 

24767. 

106, 

22660, 

106, 

22660. 

106. 

23660. 

106. 

25357. 

106. 

30428. 

106, 

34354, 

It  will  be  noticed  that  the  current  was  much  greater 
at  the  moment  of  closing  than  at  any  other  time,  and  rapid- 
ly decreased  to  a  much  suialler  amount,  as  shovvn  in  the  sec- 
ond reading  only  tv/o  minutes  later.   Observing  the  resist- 
ance it  will  be  seen  that  it  began  high  and  decreased  for 
a  v/hile,  reaching  a  minimum,  after  which  it  began  to  in- 
crease again.   The  explanation  of  this  seems  obvious.   At 
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first   the   cell  v/all  was    saturated  with  pure  water,    arid    of- 
fered great    resistance    to    the   passage   of   the    current,    but 
soon,    under   the    influence   of    the    curx*ent,    the    ions   ox    the 
exectrolyte   penetrated   the   v;all,    greatly   increasing   its 
conductivity.      As   the   ions  met,    the  menribrane  was   built   up 
and    the    resistance  again  increased* 

After   this  inembrane   deposition   the    cell  was  placed 
in  distilled  v/ater  and   the  membrane   allowed   to   soak   till 
next  day,   when   it  was  again  subjected  to  the  membrane   fomn- 
ing  process, 

RECORD, 
February  7,    1906, 


Time 

Current 

Voltage 

Resistance 

2:50 

0.0057 

108.0 

18947. 

3:00 

0.0014 

107.7 

76928, 

3:10 

0.0010 

107.7 

107700. 

3:20 

0.0010 

107.7 

107700. 

3:30 

0.0010 

107,6 

107600. 

3:40 

0.0010 

107.4 

107400. 

3.50 

0.0010 

107,4 

107400. 

4,00 

0.0011 

107.4 

97636, 

4:10 

0,0011 

107.4 

97636, 

Here   the    resistance  v/as  lower  than  at   the   conclusion 
of   the   first  deposition,    though  it   increased  very  rapidly 
and    reached  a  maximuni,   wiiich  it  maintained  for  40  minutes. 
This    is  a    typical  exa/rtple   of   the    conduct   of  a  iriembrane  aft- 
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er  its  initial  deposition. 

The  high  resistance  here  is  an  indication  of  im- 
provenient  in  the  strength  of  the  membrane,  and  it  v/ill  be 
ixOticed  that  subsequent  depositions  raised  this  maximum  of 
resistaiace  still  higner  and  iraintained  it  for  a  much  longer 
period. 

RECORD. 
February  8,  1906. 


Time 


Current. 


Voltage, 


Resistance, 


2:50 

0.0013 

108.5 

83461. 

3:00 

0.0007 

108.5 

155000. 

3:10 

0.0005 

108.2 

216400. 

3:20 

0.0004 

108.2 

270500. 

3:30 

0.0004 

108.2 

270500. 

3:40 

0.0004 

108.2 

270500. 

3:50 

0.0004 

108.2 

270500. 

4:00 

0.0004 

108.2 

270500. 

4:10 

0.0004 

108.2 

270500. 

4:20 

0.0004 

108.2 

270500. 

4:30 

0 . 0004 

108.2 

270500. 

After  tnis  deposition  the  membrane  v/as  thought   to   be 
in  a   suitable   condition   to   be    subjected   to   a  development  of 
osmotic  pressure.      The   cell  v/as  rinsed  and  filled  with  a 
ha]f  weight-normal   cane-sugar  solution,    containing  potas- 
sium ferrocyanide   in  0.10   noririal   quantity.      The  manometer 
was   attached  and    the   cell  was    supported   in  a  bottle    con- 
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taining  a  0»1  normal  copper  sulphate  solution.   A  pressure 
of  5.4  atmospheres  was  developed  in  6   hours  and  afterwards 
dropped  slowly  to  about  2   atrriosjjheres.   The  pressure  normal 
to  tiiis  solution  was  about  12  atmospheres  at  the  tempera- 
ture of  this  experiment. 

The  membrane  v;as  undoubtedly  rupture*  by  the  pres- 
sure.  This  is  what  usually  happens  when  a  cell  is  set  up 
for  the  first  time,  and  it  is  only  after  the  weak  points 
are  thus  developed  and  repaired  by  farther  membrane  deposi- 
tions, etc.,  thctt  the  membrane  is  suitable  for  quantitative 
measurements.   The  cell  v/as  then  taken  down,  and  after 
careful  rinsing  was  filled  with  distilled  water  and  allowed 
to  stand  in  a  vessel  of  v/ater  until  all  the  sugar  was  ab- 
stracted from  the  membrane  and  the  cell  wall.    This  pro- 
cedure was  alv/ays  observed  v/henever  a  cell  had  been  used, 
since  no  satisfactory  maximuiri  can  be  secured  v;hen  the  cell 
wall  contains  sugar. 

It  might  be  said  here  that  whenever  the  cell  v/as  not 
in  use  it  v/as  filled  with  distilled  v/ater  and  placed  in  a 
basin  of  the  same,  tiiough  of  course  txie  v/ater  is  not  allow- 
ed to  cover  the  cement  joint.  This  is  one  of  the  many  es- 
sential details  v/nich  must  be  carefully  looked  after,  since 
if  the  cell  wall  or  membrane  is  ever  allowed  to  dry  out,  it 
is  seriously  injured. 
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After  soaking   several   hours    the   cell  was  again   sub- 
jected  to   the  membrane-f orrtiing  process. 

The    resistance    of   the   mernbrane   at   the    start  was   only 
5550.    ohnis,    showing   that   the   luembrane   had  been  injured   in 
the   experiment.      A  maximuiri  of  42000,    ohniS  v/as   x-eached  after 
one  and  a  half  hours. 

The   cell  v/as    then  soaked   over  night  and    the  membrane 
reinforced  again  next  mox-ning.        It   reached  a  maximum  of 
151000   ohiTiS   in  30  minutes.      It   v/as   ijlaced   in  distilled  wa- 
ter until   the  afternoon  of  February  13,    and  again  subjected 
to   the   membrane-forming  process. 

The  very  lov/   resistance,    at   the   start   of   only  5550 
ohrris,    indicated   that    the  membrane   had   been  seriously  rup- 
tured by  the   pressiire   in  the   above   experiment.      This  was 
soon  patched   up,    however,    and    the    resistance    rose   in  a  very 
fev/  minutes   to   over   20  000   ohms,      Further,    the  membrane  v/as 
mucn  strengthened  by  the    subsequent   depositions,    as  was   in- 
dicated by  the   higher  maxima  reached. 

These  features  of  the  membrane -fonriing  process  are 
pointed  out,  as  they  illustrate  the  way  in  v/hich  the  mem- 
branes are  developed  and  strengthened.  In  all  subsequent 
v/ork  the  sajne  plan  v/as  adhered  to.  After  every  experiment 
the  membrane  v/as  soaked  in  distilled  water  and  reinforced 
by   subjection   to    the  membrane -fonriing  process.      The    cell 
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was   never  set   up  for  a   quantitative  ineasureiiient   without 
such   treatment   of   the  iriembrane   and  was  alv/ays   set   up   soon 
after  a  satisfactory  rriaximurri  had  been   reached.      The    i-ecords 
of  these  membrane   reinforcements  v/ill  not  be  given  here, 
but   the  maximurti  resistance   obtained  before   et^ch  experiment 
is   recorded   in   the   accompanying   tables* 

After  the   membrane  had  been  developed    to   a  high  de- 
gree  of  efficiency,    a   single   reinforcement,    after  an  exper- 
iment,   -vas   usually  arriijle    to   place   the  membrane   in  a   condi- 
tion for  aiiOther  experiment.      The    greater   the   nuiriber  of   de- 
positions,   however,    a  membrane   is    subjected   to,    the  more 
efficient    it   becomes.      Cells    thus   increase   gx'eatly   in  value 
with  use. 

After   the   membrane   reinforcement   on  February  13,    the 
cell  was   again  set   up  for  riieasurement  with  a   solution  of 
tne    sairie    composition  as    that   used   in  the   first  experiment. 
The   oell  v/as   set   up   in   the   afternoon  and  by   the   next  morn- 
ing  it   had  aeveloped  a  pressure   of   12,30   atmospheres.      The 
theoretical   value  was  about   12,00   atmospheres  for   the    tem- 
perature  of    this   experiment.      Of  course,    this   experiment 
was    not   to   be   regarded  as   exactly   quantitative,    as    the   so- 
lution was   prepared   only  approxiritately  half  v/eight-normal, 
and  no   particular  precautions  v/ere   taken  to    control    the 
temperature.      This   pressure  was  maintained   imtil   the   cell 
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was   taken  down. 

This   experiment  v/as   regarded  as    indicating   that   the 
cell  was    in  t:ood   condition  for  accurate  measurements.      The 
first  quantitative   experiment  attempted  v/as   with  a  0.6 
;,eight-nornial   solution   . 

The    cell,   after  the    second  preliminary  experiment, 
was   sOcJced   and    the  membrane   reinforced   in   the    usual  iria.nner. 
It   v/as   then  set   up  with  an   accurately  prepared  0.6  v/eight- 
noriral  solution,    but   the   membrane -formers  were    used   in  only 
0,01  noriral   concentration,    instead   of   0.10  nonaal   concen- 
tration,  as  was   used   in   the   preliminary  experiments.      This 
v/as   a  much  severer   test  for  the  laembrane,    both  because    the 
pressure   to   which  itlvv  as   subjected  v/as   greater  and    the  mem- 
fa  rane-forrrier  s    were   used   in  much  less   concentration,    hence 
the  membrane   could   not   patch  as    readily  when  minute   rup- 
tures  occurred.      The    results    of    tiieir  experiment   came  a 
little   low   though,    considering  the    severe    conditions,    this 
v/as  regarded  as   very  favorable   conduct.      Such  experiments 
were   repeated  until   the  mt^mbrane  was   developed   to   a  point 
where    quite   satisfactory   results  were   secured.      Space    can- 
not be   aevoted  here   to    the   details   of    these   first   experi- 
ments,   though  several   points   of   iiuportance  brought   out   by 
them  v/ill   be  mentioned. 

It  was   soon  observed   that  the   cell  possessed  most 
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renarkable  ciiarac  teristics.   The  niaximiini  of  resistajice  in- 
creased from  one  tx-eatment  of  the  iriembrane  to  another  and 
soon  reached  a  value  of  ;600  000  ohins.   It  has  been  custom- 
ary heretofore  to  regard  resistances  of  100  000  to  150  000 
oiiiris  as  very  high»   From  these  records,  then,  unusual  qual- 
ities v/ere  to  be  expected  in  the  conduct  of  the  cell  in  the 
developuient  of  pressure,  and  such  proved  to  be  the  case. 
Pressures  v/ere  developed  v;ith  great  rapidity  and  maximum 
values  reached  in  from  6  to  8  hours. 

That  maximuni  values  v/ere  certainly  reached  in  this 
interval  v/as  shown  definitely  by  several  experiments,  which 
v/ere  allov/ed  to  i-emain  up  from  50  to  7  5  hours,  and  in  no 
case  was  there  a  sensible  increase  in  jjressure  after  the 
first  8  hours.   This  point  was  of  importance,  since  it  v/as 
desirable  not  to  leave  the  cell  contents  under  pressure  any 
longer  than  v/as  necessary  to  rrake  certain  that  maximum 
values  had  been  reached. 

The  experiments  recorded  below,  with  the  exception 
of  the  0.9  weight -no  x*mals,  v/hich  v/ere  not  carried  out  in 
cell  G,  show  niaximuni  pressures  in  about  S  hours,  and  it  v/as 
customary  to  leave  the  cell  under  this  pressure  for  about 
12  hours  before  taking  it  down. 

Before  proceeding  to  remarks  concerning  the  individ- 
ual measurements,  a  fev;  v/ords  v/ill  be  said  in  regard  to  the 
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manipulation  in  attaching  the  manometer  to  the  cell.   The 
selection  and  attachnient  of  the  rubber  stopper  to  the  man- 
oiueter  iias  ali'eady  been  mentioned.   This  must  be  attended 
to  at  least  24  hours  before  the  manometer  is  placed  in  use. 
The  mercury,  vaiich  completely  filled  the  end  of  the  mano- 
meter bearing  the  stopper,  v/as  replaced  around  to  the  bulb, 
with  some  of  the  solution  of  v/hich  the  pressure  was  to  be 
lueasured. 

The  cell  was  then  taken  from  the  membrane  deposition 
apparatus,  rinsed  carefully  with  water  axid  a  nuiTiber  of 
times  with  the  solution  of  v/hich  the  pressure  was  to  be 
measured,  with  which  it  v/as  finally  filled.   The  stopper 
carrying  the  manometei*  v/as  pressed  against  the  neck  of  the 
cell  and  then  crowded  into  the  neck  by  means  of  a  phlange, 
made  by  first  sawing  a  groove  down  the  side  of  the  untemp- 
ered  end  of  a  round  file,  and  then  grinding  the  end  into 
the  form  of  a  cylinder  or  v/ire.   This  manipulation  required 
tv;o  workers,  one  to  manage  the  manometer  and  cell,  the  oth- 
er to  operate  the  phlange.  When  the  stopper  v/as  v/ell 
started  into  the  cell  the  phlange  was  removed,  and  the 
stopper  forced  in  until  several  atmospheres  pressure  v/as 
indicated  in  the  rrianometer,  when  the  phlange  v/as  inserted 
dovm  the  side  of  the  stopper  agct-inst  the  glass  tube  and 
some  of  the  solution  was  forced  out  and  the  pressure  re- 
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lieved.  The  phlange  was  now  removed  and  the  stopper  forced 
in  again,  etc.,  until  it  was  inserted  far  enough.  The  pres 
sure  on  the  stopper  must  not  be  relieved  at  all  while  the 
phlange  is  inserted  dov/n  the  side  of  the  tube,  for  if  it  is 
air  bubbles  will  be  sucked  into  the  cell.  This  operation 
requires  much  strength  and/skill,  since  any  awkward  movement 
might  destroy  the  labor  of  v/eeks. 

When  the  stopper  v/as  inserted  the  part  extending 
above  the  neck  of  the  cell  v/as  wrapped  tightly  v;ith  waxed 
shoeniaker's  thread  and  afterv/ards  v/ith  sticky  insulating 
tape.   Next,  the  nut  on  the  manometer  was  drawn  down  on  the 
stopper  and  the  brass  cellar  slipped  over  the  cell  and 
screwed  on  the  nut,  drawing  the  latter  down  closely  on  the 
top  of  the  stopper.   The  cell  was  then  supported  in  a  bot- 
tle by  means  of  a  cork,  as  shown  in  Pig,  I,    The  cox-k  con- 
tained a  slit  for  the  coiriRiuni cation  of  atmospheric  pressure 
to  tne  liquid  in  the  bottle. 

As  soon  as  the  pressure  showed  a  tendency  to  increase 
the  collar  was  screwed  up  further  on  the  nut.   After  the 
stopper  adjusted  itself,  the  collar  was  screwed  up  still 
more  uutil  it  seemed  certain  that  the  stopper  was  supjjorted 
sufficiently  to  v/ithstand  the  pressure  of  the  solution. 

The  bottle  containing  the  cell  was  then  placed  be- 
fore the  cathetometer  and  readings  were  taken  of  the  levtl 
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of  the  solution  in-  the  bottle  and  of  the  sui'face  of  the  so- 
lution ajid  mercury  in  the  bulb  (the  solution  being  forced 
around  into  the  bulb  by  the  mechanical  pressui'e  placed  on 
the  cell  contents),  the  bottom  scratch,  the  height  of  the 
mercur;/^  in  the  manometer,  and  the  top  of  the  nanometer. 
These  i-eadings  enable  one  to  calculate  the  pressure  due  to 
the  column  of  solution  in  the  manometer,  that  is,  the  dif- 
ference in  level  of  the  solution  in  the  bottle  and  in  the 
bulb,  in  tei-ms  of  millimeters  of  mercury,  and  also  to  calcu- 
late the  mercury  pressure  at  any  subsequent  reading  of  the 
pressure  in  the  cell,  by  adding  the  distance  of  the  scratch 
above  the  surface  of  the  mercury  in  the  bulb  to  the  height 
of  the  mercury  above  the  bottom  scratch,  correcting  this 
coluirm  for  temperature  and  expressing  it  in  terms  of  atmos- 
pheres.  The  sum  of  the  mercury  pressure  and  the  hydrostat- 
ic pressure  of  the  solution  in  the  ai*m  of  the  manometer 
gave  the  correction  for  "Liquids  in  Manometer",  recorded  in 
column  7  of  the  tables.   This  correction  must  be  added  to 
the  actual  gas  pressure  in  the  manometer.   The  readings  of 
the  mercury  coluirji  and  the  top  of  the  manometer  enable  one 
to  calculate  the  mechanical  pressure,  v;hich  has  been  placed 
on  the  cell  contents  and  v/hich  is  recorded  under  "Initial 
Pressure"  in  the  tables. 

The  cell  is  now  placed  in  the  can  located  in  the 


72 


^Si 


^ 


^1 


^: 


O  :=!  ^  tf5 


U  U  flin  M 


i     H^l 


•2       N^ 

o       *-' 
m 


io; 


11     ^ 


'^     '5 


•A     f^ 


„ 

0 

t-^ 

^     -O     '^      3 

'r,          '^1    '  • 

-ill      I 

rs 

K  ^ 

S  1  O   £ 

'"^ 

trj          (^               :                                             1 

u 

i   "^         ^)l    "^           ,      ,      '      1 

8    1  ^  ^ 

'  -     V. 

o    li    s    (LI 

^  i;  .s  s 

^    ^ 

Diffe 
ween 
Koun 
Calci 

V.                V       ^ 

I 

<            4. 

tical 
ssure 

-i-     i^ 

u     u 

\            ^     '^ 

8  "• 

^:                 1         N       K                                 ;                , 

u    J  "^ 

>v                          ^          CV>. 

0      5      O 

V                         xV           \ 

H    S    t 

S  £  5 

K           K    K                1                       , 

>.§ 

^                               ^l            '^il 

=  1 

•C               Qj      So! 

3s 

- 

<:i    ^ 

.1  N 

'S 

^              ^i       ^ 

^ 

z 

= 

'^        !    ^      Si' 

I'll 

H 

!       '        ,       i       1              ; 

•S  S 

1     ^       ^     W(       !               '       i 

O 

2  1 

1    \3:       I    ^s    ^1       ■                   1 

1-    '  ■ 

i  ^  '^                  1 
i , . 1 — 

„ 

1 

>    , 

ll 

•a! 

1 

g 

■c 

u 

°   o 

■o 

V         1                  *!>        T^ 

3  ^ 

^ 

i  ^    1  ^   ^ 

o 

> 

g 

■^'     ^'       1    >ii,     ^ 

^   ^ 

^!      v^ 

en      ^ 

i    0     .1     0    .• 

w 

.t:   0 

^i    '>41       i    «^     '^                                         1 

? 

<  ^ 

<^r      cy                ^ 

^1 

2 

\ 

i         1         ,                         1 

1           '                    1 

" 

1 

r) 

Ql       ■  !         '         '                  1 

w 

0^        "^                0^      «^ 

'" 

0 

V  V       ^  ^, 

X 

\!    V           \     ^ 

« 

1  1   b: 

H 

:  ^,  M^^ 

73 


temperature  bath,  as  already  described.  Readings  were  tai- 
en  about  every  four  hours  on  the  mercury  colijuin  and  the  top 
of    the   manometer. 

The  records  of  the  individual  experiments  are  given 
in  the  accompanying  tables, 

A  list  of  the  values  used  in  the  computations  is  as 
follows: 

The  atomic  weight  of  hydrogen  =  1 

The  molecular  v/eight   of   cane-sugar  =   339,6 

Temperature  coefficient  of  gases  =  0,00367 

Temperature  coefficient  of  mercury  =  0,0001818 

Weight  of  1  litre  of  hydrogen  at  Baltimore  =.   0.0S9S29 

Pressure  exerted  by  a  grarri-molecular 

Weight  of  hydrogen  gas  when  reduced,  at  0  ,  to  a 

volume  of  1  litre.  =   22,265 

All  v/eights  used  in  this  work  have  been  reduced 

to  vaccuum. 
The  purity  of  the  sugar  employed  was  established  by 
detenriining  the  rotation  of  solutions  of  known  concentra- 
tion, also  by  dix'ect  combustion  and  the  detertriination  of 
the  hydrogen  and  carbon,  and  by  the  demonstration  from  time 
to  time,  both  by  means  of  Fehling's  test  and  the  sacchari- 
meter,  of  the  absence  of  products  of  inversion,   Saxiiples  of 
the  sugar  employed  in  our  exijeriments,  when  thus  tested, 
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were   found   to   be   of  a  degree   of   purity   quite   satisfactory. 

Meas ureirents  have   been  made   in  this  work  of   solu- 
tions  of  0.1,    0.3,    0.5,    0,7,    and  0.9,    weight-noniial   concen- 
trations.     The    intemriediate   even  nuiribered   concentrations 
through  the  noniial  were  measured  by  Mr.   E.    J.   Hoffman,    who 
has   assisted  me   in  the  many  manipulations   in  this  work  v/hih 
required   two   operators.      The    results   obtained  by  him  will 
be    quoted   in  connection  v/ith   the   surroTiary  of   the   values   ob- 
tained  in   tills  work. 

TABLES    I.    and   II. 
0.1     Weight -Normal  Solution  -  Experiinent  1  and  2 
Weight   of   cane-sugar  dissolved   in  1000  grams     of  water  = 

33.960  grams. 
Specific   gravity  of    solution  at   20      =   1.01283 
VoluiTje   of   solution  at   20      =   1020.86   cc, 
0.0839   grajTi     of  K  Et  (CN)^^  .      3H^0  was   dissolved   in  the 
sugar   solution  and    the   solution  v/hich  surrounded   the   cell 
was  prepared  by  dissolving  1.2392  grains   of   CuSO^  .    7H^0   in 
1000  grajTis   of  v/ater.      These   concentrations   of  membrane   form 
ers  v/ere   used   in  all   the   following  experiments. 

Of   the   corrections   given   in  the    tables,    those   of 
"Liquids   in  Nlanometer"   and   "Capillary  Depression"   are  added 
to    the   gas   pressure    in   the  manoirieter,    found  by  dividing   the 
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corrected  final  air  volume  into  the  total  air  voluirie  of  the 
manometer  under  standard  conditions,  while  the  "Atmospheric 
Pressure"  and  "Inversion"  are  to  be  deducted,  in  order  to 
ascertain  the  "Osmotic  Pressure  Corrected." 

It  will  be  observed  that  the  molecular  weiglits  in 
these  tv/o  experiments  canie  rather  low.   This  v/as  because  a 
mistake  of  0,10  atmosphere  produces  a  much  greater  effect 
on  the  calculated  molecular  weight  in  dilute  solutions  than 
in  concentrated  ones.   Thus,  in  this  concentration,  0,10 
atmosphere  corresponds  to  about  14  points  in  the  calculated 
molecular  v»eight,  v/hile  the  saiiie  difference  in  a  0.9  v/eight 
normal  solution  this  pressure  only  corresponds  to  1.55 
units  in  the  molecular  v/eight. 

The  pressures  in  these  two  experiments  were  rather 
high.   An  explanation  of  at  least  a  part  of  this  excess 
pressure  is  to  be  found  in  the  pressure  of  the  membrane 
formers,  v/hich  preliminax'y  experiments  have  shown,  v/hen 
they  are  present  in  the  pure  solvent,  to  exert  about  0.07 
atmosphere  pressure.   How  the  presence  of  large  quantities 
of  sugar  affect  their  dissociation  is  unJcnov/n;  however,  it 
is  reasonable  to  say  that  its  influence  is  least  in  dilute 
solutions. 

In  experiment  1  the  top  of  the  manometer  rose  only 
0.07  mm.    In  experiment  2  it  amounted  to  0.54  rrim.   Move- 
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ments  in  the  top  of  the  manorrieter  airiounting  to  leas  than 
'Z   niii.  are  too  small  to  justify  a  correction  for  dilution  on 
the  basis  already  explained.   Such  movements  may  represent 
a  slipping  of  the  manometer  in  the  stopper,  though  they  are 
of  a  sufficiently  sinall  magnitude  to  be  explained  to  a 
large  extent  by  the  adjustment  of  the  bottle  containing  the 
cell  in  tne  case.   Such  a  movement  of  the  manometer  has 
only  had  a  measurable  effect  on  the  pressures  and  caused  ab 
normal  loss  in  rotation  of  the  solution  v/ithin  the  cell,  in 
instances  v/here  it  amounted  to  as  much  as  2  rriiri,  or  more. 
Though  these  snaller  movements  undoubtedly  indicate  a 
slight  dilution.   However,  that  the  dilution  is  small  is 
indicated  by  the  fact  that  the  difference  in  this  movement 
of  the  manometer  in  these  two  experiments,  which  was  0,47miri 
produced  a  dilution  too  snail  to  affect  the  loss  in  rota- 
tion in  the  two  experiments,  v/hich  amounted  to  0  ,5  in  both 
cases. 

TABLES  III.  and  IV. 
0,6  Weight-Nornrial  Solution  -  Experiments  1  and  2. 

Weight  of  cane-sugar  dissolved  in  1000  graxris  of  v/ater  - 

101.880  grams. 
Specific  gravity  of  solution  at  20°  =  1.03687 
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Volume   of   solution  at   20      =   1062,70   cc. 

Membrane   formers   of    the    same    concentration  as   before. 

In  experiment  1,  the  maximuiti  pressure  v/as  reached  in 
4  hours,  and  in  experiment  2,  the  pressure  v/as  practically 
at  a  maximum  also  in  4  hours,  though  it  was  not  so  regarded 
in  the  calculations  until  the  second  reading  4  hours  later. 
In  experiment  1  the  top  of  the  manometer  lifted  only. 12  nari. 
and   in  experiment   2,    0.10  nni. 

The    effect   of  a  mistake   of   0.10   atmosphere    in   this 
concentration,    on   the    calculated  molecular  weight   -   4,72 
units, 

TABUilS  V.    and  VI, 
0,5  Weight-Normal  Solution  -  Experiments   1  and  2, 
V/eiglit    of   cane-sugar  dissolved   in  1000  grarrtS   of   water  s 

169,800  grams. 
Specific   gravity  of   solution  at   20      =   1,05900. 
Voluirie   of   solution  at    20      =    1104,62   cc. 
Membrane   formers   of   the    sairie   concentration  as   before. 
In  experiment  1  the   top   of   the  manometer  raised  0,16  miri, , 
in  experiment   2,    0,32  mm. 

The   effect   of  a  mistake   of  0,10  atmosphere,    in  this 
concentration,    on  the   calculated  molecular  weight  -  1  .  fo 
units. 


TABJJliS    Vil.     and   VIII. 

0.7  V/eight-Norrrial   Solution  •  Experiinents   1   and   2, 
Weight   01    cane-sugar  dissolved   in  1000   ,::rt«,ms   of  v/ater  = 
273,720   graiTiS. 

Specific   gravity  of  solution  at  20°=   1,07947. 
Volume   of  solution  at   20°=   1146, GOcc, 
Membrane   forrriers   of   the   sarrie   concentration  as   before. 

It  -Tiight   be  added  here   that   in  several   of  the    preceding   ex- 
periments   the   solution   on   the   outside   of   the   cell  v/as,    af- 
ter  the   experiment,    carefully   eixamined  for   traces   of   sugar 
to   aeterrriine  v/hether   there  v/as  uny  leakage   of   the    sugar 
tiirough   the  membrane,    but   in  every  case    exatriined   there 
could  not  be   found  a  trace   of  su';ar, 

Pu--ther,in   several  experiments   the   rotation  of   the   solu- 
tion v/as   deterrriined   .just  after   it   vra,s  prepared  and  v/ as   found 
to   be    the   sairie   as   the    rotation  after   it  had  stood   till   the 
experiment  v/as    taken  dov/n.      This   shows   that  no    inversion 
takes   place   in  the    solution  v;hile   it   is   not   under  pressure 
in   the   cell. 

In  experiment  1,    the    top   of   the  manometer   rose   0.24  rrirri. 
and   in  expei'iment   2,    0,07  rrirri. 

The   effect   of   a  mistake   of  0.10  atmosphere   in  this   concen- 
tration on   the   calculated  molecular  v/eight   -    2.00   units. 
TABLES    IX.    and  X. 

0.9   \Veight-Nonral   Solution   -  Experiments  1   and    2. 
Weight   of    cane-sugar  dissolved   in  1000   grams   of  v/ater  =. 
305,640   grams. 

Specific   gravity  of   the    solution  at   20   -   1.09833. 
Volume   of   solution  at   20°s:  1188.75   cc. 
Membrane   fonners   of    the    Scurie    concentration  as  before. 
In  experiment   1,    the    top   of  the   manoij.eter   I'ose  1.21  rrim. ,    in 
experiment   2,    0.87  mni. 

The   effect   of  TTmlstSke^^f  0.10  "atmosphere,    in  ^Tiis   concen- 
tration,   on   tiie    calculated  molecular  v/eight  ^   1.55   units. 


When  cell  G,  with  v/hich  all  the  previous  experiments 
have  been  rnude,  was  set  up  for  measurement  Vi/ith  a  0,9 
w eight- no rrrial  solution,  about  the  time  the  pressure  had 
reached  a  maximum  the  tils-ss  tube  of  the  cell  broke.   On 
taking  the  cell  dov/n  a  crack  v/as  found,  which  extended  the 
entire  length  of  the  tube.   This,  of  course,  rendered  the 
cell  useless  for  further  pressure  measurements. 

On  account  of  the  remarkable  characteristics  of  thic 
cell,  it  v.as  prized  highly,  and  most  painstaking  efforts 
have  been  rrtade  to  repair  it  v/ithout  the  removal  or  injury 
of  the  membrane;  but  the  results  of  this  undertaking  are 
as  yet  uncertain. 

The  copper  ferrocyanide  membrane  may  be  readily  dis- 
solved by  alkaline  tartrate  solution,  though  after  removing 
a  membrane  in  this  way  and  freeing  the  cell  wall  of  elec- 
trolytes, if  a  new  membrane  is  deposited  it  is  generally 
inferior  to  the  first  one.   On  this  account  such  a  course 
was  not  resorted  to  in  repairing  this  cell,  though  it  would 
have  rendered  its  repair  a  comparatively  simple  matter. 

The  two  experiments  of  this  concentration  were  meas- 
ured v/ith  cells  A  and  B,  the  ones  with  which  the  measure- 
ments by  Morse  and  Frazer  were  trade  last  year. 

These  cells,  it  will  be  observed  from  the  tables, 
had  much  lower  resistance  than  G  and  were  longer  in  reach- 
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ing  a  iraximuni.      These   experiments  v/ere   left   up  a  long   time 
to  iriake   sure    that  maxima  had   been  reached,    although  maxima 
v;ere    undoubtedly  reached  with  the   first   reading   of  May  3, 
and   the   slight   subsequent   increases   in  pressure  were  jjrob- 
ably  due    to   inversion  of    the   sugar. 


Suirimary  of  Results, 
TABU?  XI. 
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Weight -nor- 
mal concen- 
tration of 
solution. 


0.1 


0.2 


Osmotic  pres-  Gas  pres  Differ-  Mole-  Mole- 
sure  observed. sure  cal-  ence  be-  cular  cular 
(Atmospheres)  culated   tvieen    v/eight  weights, 
for  sarae  pressure  calcu-  Mean 
tempera-   observed  lated  values, 
ture.  (At-and  ca]-  from 
mospheresj culated,  observ 

ed  pres- 
Experiment  1  sure. 


2.50          2.41 

-r  0,09 

329.09 

2.50          2.41 

+  0,09 

329.14 

2.52          2,42 

t  0.10 

326.58 

2.52          2.42 

-f-.O.ll 

326.58 

327,85 

Experiment  2 

2.53          2.42 

^0,11 

325.40 

2.56          2.42 

t  0.14 

321.58 

2.56          2.43 

+  0.13 

321.63 

2.56          2.43 

4-0.13 

321,63 

322.56 

Experiment  1 

(Hoffman) 

4.73          4.79 

-0.06 

344,16 

4.73           4.79 

-  0.06 

344,16 

4.71           4,79 

-0.08 

345.76 

4.71          4.80 

-  0.09 

345.99 

344.96 

Experiment  2 

(Hoffman) 

4,81         4.80 

-vo.oi 

338.85 

4.80           4.80 

0,00 

339.67 

4.79           4.80 

-0.01 

340,38 

4.76           4,80 

-  0.04 

342,58 

4.76           4.80 

-  0.04 

343,02 

340.90 

Experiment  3    (Hoffman) 


4,81 
4.81 
4.80 


4.81 

4.81 
4.81 


0.00 

0,00 

-  0.01 


339.37 
339.54 
340.31   339.74 
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Suiriiriary  of  Results. 

tabi:e  XI. 


Weight-nor- 
man   concen- 
tration of 
solution. 


Osmotic   pres- 
sure  obsejrved. 
(Atmospheres) 


Gas   pres-    Differ-  Hole-        Mole- 
sure   cal-   Hnce  be-cular        cular 
culated        tv/een       weight     weight 
for  same      pressure   ca?cu-  Mean 
temper?-      observed  lated     values 
ture. (At-  and  cal-  from 
mospheres) culated.    observ- 
ed pres) 
sure. 


0.3 


0,4 


Experiment  1 


7.25 

7.21 

7.23 

7.21 

7,23 

7.21 

t0.04  ^37. 68 
-rO.02  338.72 
+  0.02         338.72      338.37 


Experiment  2 


7.21 

7.16 

-f-0.05 

337 . 36 

7.21 

7.16 

t0.05 

337.53 

7.17 

7.17 
Experiment  1 

tO.OO 
(Hoffman) 

339.70 

338.18 

9.62 

9.61 

^0.01 

339.17 

9.64 

9.61 

1-0.03 

338.61 

9.64 

9.61 

+  0.03 

338.72 

9.65 

9.61 

+  0.04 

338.43 

338.73 

Experiment  2   (Hoffman) 


0.5 


9.69          9.63 

to. 06 

337.44 

9.69          9.63 

to. 06 

337.50 

9.69          9.63 

-,.0.06 

337.55 

337.50 

Experiment  1 

12.07         12.06 

tO.Ol 

339.29 

12.06         12.06 

+  0.01 

339.36 

12.04         12.06 

-  0.02 

340.16 

339.59 

Experiment  2 

12.19         12.10 

1-0.09 

o37.ll 

12.25         12.10 

r  0.15 

335.46 

12.23         12.10 

+  0.13 

336.01 

336.19 

Surrnnary  of  Results  (continued) 
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tration  of 

solution. 


V/eight-nor-  Osmotic  pres-  Gas  pres-  Differ-  Mole-  Mole- 
mul  concen-  sure  observed. sure  cal)  ence  be-  cular  cular 

(Atmospheres)  culated   tv/een    weight  weight, 
for  same   pressure  calcu-  Mean 
tempera-   observed  lated  values, 
ture,(At-  and  cal-  from 
mospheres)culated,  observ- 
ed pres- 
sure. 


0,6 


J 

'xpe 

jriment  1   i 

(Hoffman) 

14.70 

14.55 

+0.15 

336.14 

14.74 

14.55 

+  0.19 

335.35 

14.76 

14.55 

■vO.21 

334.89 

14.76 

14.55 

t0.21 

334.89 

335.32 

Experiment  2   (Hoffman) 


14.69 

14.54 

+  0.15 

336,20 

14.70 

14.55 

to, 15 

336,03 

14.71 

14,55 

t0.16 

335.90 

14.70 

14.55 

+  0.15 

336.13 

336,06 

Expe 

iriment  3   ( 

;  Hoffman) 

14,74 

14.54 

+  0.20 

335.00 

14.77 

14.54 

+  0.23 

334,32 

14.79 

14,54 

t0,25 

333,87 

14.78 

14,54 

tO.24 

334,10 

14.77 

14,54 

tO.23 

334,32 

334,32 

Experiment  1 


0,7 


16,99 

16,92 

t0.07 

338.39 

16,94 

16,92 

+  0.02 

339.39 

16,96 

16.95 

+  0,01 

339,40 

16,92 

16,96 

-0.04 

340 . 37 

339.39 

Experiment  2 


16,98 

16.89 

^0.09 

338.87 

16,96 

16.89 

+  0.07 

339.27 V 

16,97 

16,95 

t  0.02 

339.14 

16.92 

16.98 

-0.06 

340,70 

339.49 

89 

SuiMTiary  of  Results  (continued) 


Weight-nor-  Osmotic  pres-  Gas  pres-  Differ-  Mole-   Mole- 
mal  concen-  sure  obsei-ved. sure  cal-  ence  be-  cular   cular 
tration  of   (Atmospheres)  culated   tween    weight  weight 
solution.  for  sujne  pressure  calcu-  Mean 

tempera-   observed  lated   values 
ture. (At-  and  cal-  from 
mospheres)culated.  observ- 
ed pres- 
sure. 


0.8 


340.48 


0.9 


1.0 


Expi 

sriment  1   ( 

[Hoffman) 

19.30 

19.35 

-0.05 

340,53 

19.26 

19.35 

-0.09 

341,27 

19.29 

19.35 

-0.06 

340,73 

19,33 

19.35 

-0.02 

340,03 

19.34 

19.35 

-0.01 

339,85 

Exp< 

eriment  2   1 

[Ho 

ffrran) 

19.35 

19,36 

-0,01 

339.79 

19.31 

19.36 

-0.05 

340.49 

19.43 

19.36 

+  0.07 

338.39 

19.44 

19.36 

^0,08 

338.22 

19.42 

19.36 

i-0.06 

.:.38.51 

Experiment  1 


21.71 

21.85 

-0,14 

341,81 

21.73 

21.85 

-0.12 

341,55 

21.81 

21.86 

-0,05 

540.41 

21.90 

21.87 

i-0.03 

339,12 

21.97 

21.87 

tO,10 

338.05 

Experiment  2 


21,86 

21.85 

rO.Ol 

339.47 

21,88 

21.85 

+  0,03 

339.21 

21,92 

21.86 

+  0.06 

338,70 

21.98 

21.87 

iO,ll 

337,89 

22.05 

21.87 

^0,18 

336.82 

Experiment  1   1 

[Hoffman) 

24.47 

24.19 

+  0.28 

335.70 

24.47 

24.19 

t0,30 

335.45 

339.08 


338.42 


340,18 


335,57 
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Summary  of  Results  (Concluded) 


Experijnent  2        (Hoffrran) 


24,05 

24,06 


24,28 
24,28 


,23 

-.22 


342,78 

342,66      342.72 


TABLE  XII,      Mean  Molecular  V/eight  for  each  Concentration, 
Concentration  Molecular  weight. 


0,1 

0,3 
0.5 
0,7 
0.9 


325,21 
338,28 
337,89 
339,44 
339,30 


Mean  value 
Mean  for  even  concentration 

Mean  of  two  series 
Theoretical  value 


336.02 
338,82 


337,42 
339,60 


Difference 


2.18 
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Conclusions. 
The  conclusions  to  which  the  foregoing  experiments 
seem  to  lead  have  been  presupposed  in  the  calculation  of 
the  theoretical  gas  pressures  with  which  the  observed  val- 
ues have  been  compared.   The  close  agreement  between  these 
values  confinris  the  conclusion  of  Morse  and  Frazer,  that 
"Cane-sugar  dissolved  in  v/ater  exerts  an  osmotic  pressure 
equal  to  that  which  it  viould   exert  if  it  were  gasified  at 
the  same  temperature  and  the  voluirie  of  the  gas  were  reduced 
to  that  of  the  solvent  in  the  pure  state,"  Whether  the  cor- 
rect standard  is  the  volume  of  the  solvent  at  the  tempera- 
ture of  maximum  density  or  at  some  other  temperature,  such 
as  the  temperatiire  at  v/hich  the  pressure  is  measured,  the 
measurements  are  hardly  sufficiently  refined  to  decide, 
since  in  the  most  concentrated  solutions  studied  the  theo- 
retical values,  calculated  on  the  basis  of  the  voluirie  of 
the  solvent  at  the  temperature  of  maximuiri  density,  are  only 
0,06  atmosphere  higher  than  the  values  calculated  on  the 
basis  of  the  volume  of  the  solvent  at  the  temperature  at 
which  the  pressure  is  measured,   Hov/ever,  it  may  be  said 
that  the  observed  values  of  the  osmotic  pressure  of  the  so- 
lutions were  usually  even  higher  than  those  calculated  on 
the  basis  of  the  volurrie  of  the  solvent  at  the  temperature 
of  niaximuiri  density,  a  fact  which  favors  the  latter  basis  as 
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the  proper  one  for  the  comparison  of  osmotic  pressure  and 
gas  pressure, 

From  this  it  appears  that  in  the  analogy  betv/een  so- 
lutions and  gases,  the  mass  of  the  pure  solvent  plays  the 
iniportant  role  of  detenriining  the  volume  in  which  the  dis- 
solved substance  must  be  contained  in  the  forrri  of  a  gas  to 
exert  the  sairie  pressure  that  it  exerts  in  the  foiin  of  os- 
motic pressure  in  the  larger  volume  of  the  solution. 
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II. 

A  STUDY  OF 

Zinc  Ferrocyanide   as   a  Send-perrrieable  Membrane 
for  the  Measurement   of  Osmotic  Pressure, 

Introductory  Remarks. 

(1) 
This  membrane  v;as   used   successfully  by  Taniiriann      in 

his   optical  method  for   the   detenrdnation  of   relative   osmot- 

(2) 
ic   pressures.      Later,    Carver,      v/orking  with  Morse,    shov/ed 

that  this  membrane  could  be  deposited  elcctrolytically  by 

(3) 
the  method  of  Morse  and  Horn,   He  further  made  a  study  of 

its  osmotic  activity  measured  in  terais  of  the  rate  of  en- 
dosniose  v/hich  it  produced,  v/hich  was  deterrrdned  by  measur- 
ing the  aiiiount  of  solution  delivered,  under  certain  condi- 
tions, from  the  vessel  in  which  the  membrane  was  deposited. 
He  also  attached  an  open  manometer  to  the  cell  in  several 
cases  and  measured  the  pressure  developed.   The  membrane 
studied  in  this  way  gave  very  satisfactory  results,  and 
proved  to  be  one  of  the  most  active  studied  by  these  inves- 
tigators. 

In  the  deposition  of  this  membrane  0.1  nornrial  solu- 
tions of  zinc  sulphate  and  potassiuirj  ferrocyanide  v/ere  em- 
ployed.  An  anode  of  zinc  surrounded  the  cell  and  a  cathode 

(1)  Wied.  Ann..  34,  229  (1888). 

(2)  B.  F.  Carver,  Dissertation,  Johns  Hopkins  Univ., (1903) 

(3)  Ann.  Chem,  J.   26,  80, 
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of  platinuni  v/as  placed  v/ithin  it.  At  the  conclusion  of 
the  deposition  the  voltage  of  the  current  was  108  volts, 
though  the  operation  was  begun  at  a  much  lov/er  potential. 

In  view  of  the  satisfactory  conduct  of  zinc  ferro- 
cyanide  merribrane  when  worked  with  according  to  the  above 
methods,  it  was  hoped  that  it  might  prove  more  satisfactory 
than  the  copper  ferrocyanide  merribrane,  v/hich  has  been  used 
alniost  exclusively  heretofore  in  the  measurement  of  osmotic 
pressure.   Or,  ut   least,  that  the  zinc  membrane  might  prove 
efficient  under  conditions  which  prohibit  the  use  of  a  cop- 
per membrane.   Though  it  must  be  remembered  that  the  exper- 
iments of  Carver  merely  indicate  the  osniotic  activity  of 
the  membrane  under  pressures  slightly  above  atmospheric 
pressure,  and  say  nothing  regarding  its  pov^er  to  withstand 
high  pressures. 

Zinc  ?errocyanide,  Zn^Pj,  (CN)^  .  3H,.0. 

Zinc  ferrocyanide  is  formed  as  a  white  gelatinous 
precipitate  when  aqueous  solutions   of  zinc  sulphate  and 
potassiuiri  ferrocyanide  are  brought  together.   It  is  insol- 
uble in  v/ater  and  in  most  mineral  acids,  especially  hydro- 
chloric, sulphuric,  and  acetic  acids.   It  is  readily  solu- 
ble in  solutions  of  the  alkali  hydroxides  and  dissolves  in 
aqueous  ai'dnonia,  though  usually  leaving  a  slight  opales- 
ence. 
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On  account  of  the  solubility  of  the  ijrecipitate  in 
potassium  hydx'oxide  it  is  necessary  in  the  electrolytic  de- 
position of  the  membrane  to  renev/  the  solution  within  the 
cell  at  frequent  intervals.   In  the  following  worlc  such  re- 
newals were  rriiitde  at  intei-vals  of  from  three  to  five  minutes. 
The  methods  employed  for  the  deposition  and  development  of 
the  membranes  in  this  v/ork  v/ere  essentially  the  same  as 
those  used  with  the  copper  f erroc2/anide  membrane.   The  so- 
lutions used  for  the  purpose  of  the  deposition  of  the  mem- 
branes were  prepared  by  dissolving  14,27  grams  of  Zn,S0,j..7II^0 
in  water  and  diluting  up  to  1  litre,  and  by  dissolving 
10,49  grams  of  K^Fe  (ON )^^•  3  H^j^O  per  litre  of  solution.   The 
cell  was  surrounded  by  an  anode  of  zinc  and  contained  on 
the  inferior  a  cathode  of  i)latinum.   The  cells  used  were 
prepared  as  already  described. 

The  method  of  v;ork  v/as  simjjly  to  deposit  the  mem- 
branes and,  after  securing  satisfactory  maxima  of  resist- 
ance, to  set  the  cells  up  for  measurements  with  solutions 
of  cane-sugar,  usually  0.5  weight -normal,  though  occasion- 
ally with  other  concentrations.   The  concentration  of  mem- 
brane-formers v/as  clianged  from  time  to  time  to  detennine 
their  influence  in  strengthening  the  membrane,  and  finally 
the  mertibranes  .vere  deposited  at  different  potentials  to  de- 
tennine the  influence  of  this  factor. 
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Tv/o  cells  -were  used  in  this  work  and  are  designated 
as  cell  J  and  cell  K.  The  sanie  irianorneters  employed  in  the 
previous  woi^k  were  also  used  here. 

Though  the  v/ork  v/as  carried  on  simultaneously  v/ith 
the  two  cells,  the  results  can  be  more  conveniently  treated 
under  the  record  of  each  cell  separately. 


BXPERIJ/IENTAl  PART. 
Cell  J. 

A  0,005  noxTTial  solution  of  lithiuiri  sulphate  was  used 
to  remove  the  air  from  the  cell  v/all.   The  endosmose  in 
this  cell  amounted  to  about  40  cc,  per  hour.   Altogether 
about  200  cc,  of  solution  was  passed  through  the  cell  v/all, 
and  the  electrolyte  then  thoroughly  removed.   The  voltage 
selected  with  which  to  begin  work  was  75  volts. 

The  recox'd  of  the  initial  deposition  is  as  follov/s: 


a  • 


Record. 


December  6,  1905. 
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Time. 


Current. 


Voltage, 


Resistance. 


1:50 

P.M. 

0.0046 

2:00 

II 

0.0046 

2:10 

II 

0.0045 

2:20 

11 

0.0050 

2:30 

n 

0.0047 

2:40 

II 

0.0041 

2:50 

It 

0.0037 

3:00 

n 

0.0033 

3:10 

If 

0.0032 

3:20 

It 

0.0031 

3:30 

II 

0.0029 

3:40 

•1 

0.0026 

3:50 

It 

0.0025 

4;oo 

n 

0.0024 

4:10 

It 

0.0023 

4:20 

It 

0.0022 

4:30 

II 

0.0022 

4:40 

n 

0.0022 

4:50 

n 

0.0021 

70.0 
71.0 
71.0 
71.8 
70.6 
70.6 
72.6 
70.5 
72,7 
73.0 
73.0 
73.3 
73.3 
73.8 
74.0 
73.3 
73.3 
73,2 
73.3 


15217 

15348 

15777 

14160 

15021 

17  220 

19081 

21364 

22719 

23548 

25172 

28192 

29320. 

30750 

32434 

32577, 

32577 

32577 

34430 


The  conduct  here  v/as  similar  to  that  of  the  coijper 
ferrocyanide  meuibrane,  though  the  initial  resistance  was 
not  so  great.   This  was  due  perhaps  to  the  greater  porosity 
of  the  cell,  which  Vifas  indicated  by  its  rate  of  endosmose. 

The  cell  v/as  then  placed  in  oi stilled  water  until 
next  day,  ^Jihen   its  membrane  was  reinforced.   The  resistance 
rose  in  1  hour  and  20  minutes  from  17000  to  43000  oiims. 


98 


This  conduct  was  regarded  as  most  promising,  and  the 
cell  was  set  up  with  a  0.50  weight-normal  cane-sugar  solu- 
tion, containing  0.10  normal  potassiuiri  ferrocyanide  within 
the  ceil  and  zinc  sulphate  in  the  water  on  the  outside. 

Experiment  I« 

0.50  Weight-Normal  Solution,   0,10  Membrane -Po rmers , 
Potential  =  75  volts.   Cell  set  up  3:30  P.M,,  December  7, 
1905, 

A  few  minutes  after  placing  the  cell  in  the  outside 
solution  the  mercury  in  the  manometer  began  to  rise  slowly. 
About  2  atmospheres  of  mechanical  pressure  v/ere  then  placed 
on  the  cell  contents.   Thirty  minutes  afterwards  the  pres- 
sure had  risen  to  2,75  atmospheres,  when  it  began  to  fall, 
and.  one  hour  later  aiiiounted  to  2,30  atmospheres.   It  con- 
tinued to  fall  until  a  pressure  slightly  above  that  of  the 
atmospnere  had  been  reached. 

The  cell  was  then  taken  dovm  and  allowed  to  stand 
in  distilled  water  for  soiue  time.   The  membrane  was  then 
subjected  to  the  membrane-f orrriing  process  again.   In  this 
deposition  the  resistance  of  the  membrane  at  the  start  was 
only  5700  ohms,  vmich  indicated  that  the  membrane  had  been 
badly  ruptured  in  the  above  experiment.   However,  it  was 
quickly  repaired,  and  the  resistance  increased  in  two  hours 
to  40  000  ohiris.   The  cell  waF  again  set  up  for  a  pressure 
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measurement. 

Experiment  II » 
0.50  Weight-Norrral  Solution.   0.10  Normal  Membrane  Ponn- 
ers.    Potential  =  75  volts.   Cell  set  up  at  3:15  P.M.,  De- 
cember 9,  1905, 

After  the  usual  slight  fall  in  the  mercury  column, 
due  to  temperature  effects  when  the  cell  is  first  placed  in 
the  outside  solution,  the  mercury  colunin  began  to  rise  rap- 
idly. 

At  5:00  P.M.,  the  pressure  was  4.44  atiriospheres  at 
20  ;  at  9:15  P.M.,  it  had  risen  to  5.46  a tiriO spheres.   The 
next  oay  at  10:15  A.M.,  it  was  observed  that  the  pressure 
had  fallen  to  2.94  atmospheres  and  as  it  showed  no  further 
tendency  to  change,  the  cell  v/as  taken  down  and  placed  in 
distilled  water, 

Fnen  the  membrane  was  again  reinforced  the  resist- 
ance was  found  to  be  very  low,  as  it  v/as  after  the  first 
experiment,  and  amounted  to  8900  ohnis.   The  resistance  rose 
in  tvtfo  hours  to  38000  ohms,  when  the  cell  was  placed  in 
distilled  water.   The  membrane  was  reinforced  again  the 
next  day  and  the  maximujTi  raised  to  60  000  ohms.   The  cell 
was  again  set  up  for  a  pressure  measurement.   This  time  it 
was  decided  to  give  the  membrane  gentler  treatment  by  using 
a  more  dilute  solution. 
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Experiment  III» 
0,10  WeifJht-Nornal  Solution*    No  membrane  f onrters  were 
used.   Potential«75  volts.   Cell  set  up  12.40  P.M.,  Decem- 
ber 15,  1905, 

After  the  cell  had  been  placed  in  the  outside  solu- 
tion, a  gentle  pressure  was  placed  on  the  stopper  in  order 
to  support  it.   Irrirrted lately  the  mercury  column  began  to 
fall  slowly  and  in  an  interval  of  several  hours  had  reached 
atmospheric  pressure,  where  it  x-emained  until  the  cell  was 
taken  down  tv/elve  hours  later. 

On  again  subjecting  the  membrane  to  the  mem'brane- 
fonriing  process,  as  measured  by  its  resistance  it  was  found 
to  be  in  fairly  good  condition,  giving  a  resistance  of 
33  500  ohms  at  the  start,  and  increasing  in  20  minutes  to 
a  maximum  of  56900  ohms. 

The  previous  experiment  was  repeated  with  the  use  of 
0,10  norrral  membrane-f ormers. 

Experiment  IV, 
0,10  Weight-Normal  Solution,  0,10  Normal  Membrane  Formers. 
Potential=75  volts.   Cell  set  up  4:30  P.M.,  December  16, 
1905. 

In  this  experiment  there  was  no  pressure  developed. 
The  pressure  which  had  been  exerted  mechanically  in  attach- 
ing the  manometer  to  the  cell  soon  fell  to  that  of  the  at- 
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mosphere  and  there  seemed  no  tendency  of  further  change. 

The  cell  was  taken  down  and  t  le  subsequent  reinforce 
ment  of  tne  membrane  gave  a  maximuiri  »f  60800  ohms.   The 
cell  v/as  set  up  for  tmother  measurement. 

Experiment  V. 
0.50  VVeight-Nornal  Solution.    0.10  Normal  Membrane 
Jormers.   Potential  =75  volts.   Cell  set  ujj  5:00  P.M.,  De- 
cember 18,  1905. 

At  9:00  P.M.  a  pressure  of  about  2  atmospheres  had 
been  developed.   Next  day  at  10:30  A.^U  the  pressure  had 
increased  to  3.48  atmospheres  and  continued  to  rise  slowly, 
and  although  the  cell  was  left  up  for  a  considerable  length 
of  time,  the  pressure  gave  little  promise  of  ever  reaching 
a  maximurri.   A  complete  list  of  the  observations  taken  are 
as  follov/s: 

Obsejrvrations  . 
Time  Osmotic  Pressure  Corrected. 

December  18,  9:00  P.M.  2.00  atmospheres 

■     19,  10:30  A.M.  3.48      » 

"      "  2:30  P.M.  3.63 

"      I.  4:45   tt  4^47      » 

•      "  11:30   "  5.01  " 

"  20,  10:30  A.M.  5,64 

••      "     2:30  P.M.  5,69  " 

»      "     4:00   "  5,74  •• 

The  siriall  increase  of  0.10  atmosphere  in  the  inter- 
val of  16  hours,  over  which  the  last  three  obseirvations  ex- 
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tended,  could  liardly  be  considered  as  a  promise  of  higher 
pressures.   The  theoretical  pressure  for  this  solution  was 
12.02  atmospneres.   The  cell  seemed  to  show  some  improve- 
ruent,  however,  and  it  was  decided  to  continue  the  same  plan 
of  v/ork. 

The  cell  was  taken  down  and  placed  in  distilled  v/ater 
ViThen  its  meinbrane  was  reinforced  again,  it  showed  a  resist- 
ance of  only  6100  onnis  at  the  start  and  increased  in  two 
hours  to  58900  onnis.   The  cell  v/as  allov/ed  to  soak  several 
hours  in  distilled  v/ater  and  its  membrane  reinforced  again. 
This  time  a  maximum  of  46000  oiims  was  reached.   The  cell 
v/as  again  set  up  for  measurement. 

Experiment  VI. 
0.50  WeiKht-Nornral  Solution.   0.10  Norrrial  Membrane  Ponner 
Potential=75  volts.   Cell  set  up  4:30  P.M.,  December  21, 
1905. 

Observations. 
Time  Osmotic  Pressure  Corrected. 

December  21,    

"    22  9:00  A.M.  1.04  atmospheres, 

•  »  2:40  P.M.  1.38      " 
"     ••  4:45   "  1.43      " 

•  23  10:00  A.M.  2.52      * 

After  the  last  observation  the  cell  v/as  removed  from 
the  solvent,  the  surface  dried  and  about  six  atmospheres' 
pressure  placed  on  the  cell  contents.   It  was  thought  in 
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this  way  any  leak  in  the  membrane  might  be  discovered, 
however,  no  evidence  of  sugar  having  leaked  through  the 
membrane  could  be  obtained. 

After  tnese  experiments  it  -.vas  decided,  in  view  of 
the  very  unsatisfactory  results,  to  try  a  potential  of  110 
volts  instead  of  7b  volts  in  the  hope  that  better  results 
might  be  obtained.   The  membrane  was  de^^osited  several 
times  at  tnis  voltage  before  a  measurement  was  attempted. 
This  cnange  in  voltage  did  not  affect  the  magnitude  of  the 
maxirria  obtained  to  any  considerable  extent.   The  values  ob- 
tained on  successive  membrane  depositions  were  35500  ohms 
45800  ohms,  and  49700  ohms.   The  cell  was  then  set  up  for 
a  pressure  measurement. 

Experiment  VII. 
0.50  Weight-Normal  Solution.   0.10  Membrane  Formers. 
Potential=110  volts.   Cell  set  up  4:35  P.M.,  January  17, 
1906. 

The  mercury  coluirin  began  to  rise  very  slowly  and 
after  18  hours  reached  1,52  atmospheres.  During  this  unfa- 
vorable conduct  the  cell  was  taken  down,  and  aVter  soaking 
in  distilled  water  its  membrane  was  reinforced  again.   It 
gave  a  iriaximum  of  39  300  ohms.   The  cell  was  then  set  up 
for  another  experiment.   This  time  it  was  decided  to  try 
the  influence  of  more  concentrated  membrane  formers. 
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Experiment  VIII » 
0,50  WeJRht-Normal  Solution.   0.50  Membrane  Formers. 
Potential=110  volts.   Cell  set  up  5:30  P.M.,  January  18, 
1906, 

At  7:30  P.M.  the  pressure  was  2:34  atmospheres,  at 
11:00  P.M.  it  had  increased  to  2.96  atmospheres.   The  next 
day  at  10:45  A.M.  the  pressure  had  fallen  to  1,43  atmos- 
pheres. 

After  this  experiment  no  further  efforts  to  develop 
the  zinc  ferrocyanide  membrane  v/ere  made. 

The  next  course  was  to  replace  the  zinc  ferrocyanide 
membrane  with  one  of  copper  ferrocyanide  in  order  to  show 
that  the  unsatisfactory  results  obtained  above  were  due  to 
the  imperfection  of  the  membrane  and  not  to  any  fault  in 
the  construction  of  the  cell,   Jor  this  purpose  advantage 
was  taken  of  the  solubility  of  zinc  ferrocyanide  in  dilute 
sodiuiTi  hydroxide  solution,   First,  however,  the  cell  was 
partly  filled  with  water  ana  violently  agitated.   This 
treatrrjent  detached  a  large  quantity  of  the  membrane  and  in- 
dicated the  very  imperfect  way  in  v/hich  the  precipitate  vifas 
attached  to  the  cell  wall.   By  means  of  a  soft  brush  a  much 
larger  airiount  was  detached  while  most  of  .vhat  remained  was 
dissolved  out  with  dilute  potassiurii  hydroxide.   The  last 
'traces  were  removed  by  means  of  electrolysis.   In  this  way 
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the  cell  wall  was  thoroughly  cleaned  out.   The  copper  fer- 
rocyanicLe  membrane  v/as  then  deposited  in  the  cell  in  the 
usual  manner.   The  resistance  of  the  copper  ferrocyanide 
was  much  higher  than  that  of  the  zinc  ferrocyanide  membrane- 
The  maximum  after  tv/o  depositions  v/as  121400  ohrris.   At  the 
conclusion  of  this  membrane  deposition  the  cell  v/as  set  up 
for  a  measurement. 

Experiment  IX« 
0.50  ¥/eight- Normal  Solution.   0,10  Normal  Membrane 
formers.   Potential =110  volts.   Cell  set  up  at  5:00  P,M., 
January  24,  1906.  Membrane  of  Copper  Perrocyanide. 

The  mercury  column  in  the  manometer  began  to  rise 
rapidly  and  at  7:15  P.M.  a  pressure  of  8,80  atmospheres  had 
been  reached.   This  rose  to  a  maximum  of  12.97  atmospheres 
by  9:40  P.M,,  which  was  maintained  for  some  time.   The  the- 
oretical pressure  for  this  experiment  can  be  easily  ac- 
counted for  by  the  presence  of  0,10  normal  membrane  formers^ 
v/hich  experiment  has  shown  produces  about  0.72  atmosphere 
pressure,  and  the  inversion  correction  v/hich  anriounts  to 
about  0,20  atmosphere.   This  v/ould  give  for  the  corrected 
osiTiOtic  pressure  of  the  above  experiment  12,05  atmospheres. 
Thus  with  the  copper  ferrocyanide  membrane  a  theoretical 
pressure  v/as  obtained  and  this  pressure  of  over  tv/elve  at- 
mospheres was  maintained  in  the  cell  in  v/hich  the  zinc  mem- 
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brane  had  given  such  unsatisfactory  results.   This  exper- 
iment alone  was  sufficient  to  show  that  there  was  no  imper- 
fection in  the  construction  of  the  cell. 

This  record  with  the  copper  ferrocyanide  membrane 
v/as  most  remarkable  for  the  first  experiment.   Unfortunate- 
ly, however,  at  the  conclusion  of  the  experiment  the  glass 
neck  of  the  cell  cracked  in  such  a  v/ay  that  the  cell  could 
not  be  brought  into  use  again. 

Cell  K. 

This  cell  gave  an  electrical  endosmose  of  48  cc,  per 
hour  when  the  air  v/as  driven  from  the  cell  wall.   This  in- 
dicated a  texture  more  porous  than  either  of  the  previous 
cells. 

The  potential  used  in  the  initial  deposition  of  the 
membrane  was  75  volts. 

The  plan  adopted  in  this  case  was  to  subject  the 
cell  repeatedly  to  the  membrane  foi*ming  process  before  set- 
ting it  up  for  the  first  experiment.   The  records  were  quite 
normal  and  only  the  maxima  will  be  given.   They  were  22  500 
ohms,  35  300  oiuns,  41  000  ohms,  and  48  000  ohnris  respective- 
ly. 

Experiment  I. 

0.50  Weight-Normal  Solution,   0,10  Membrane  Fonners. 

Potential-75  volts.   Cell  set  up  12:  M,,  January  9,  1906, 
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About  1  atmosphere  pressure  was  placed  on  the  cell 
contents,  after  which  the  mercury  colunoi  began  to  rise 
slowly.   The  pressure  soon  af tei'wards  began  to  fall  slowly 
ana  continued  until  atmospheric  pressure  was  reached.   The 
cell  was  left  up  till  10:40  A.M.  next  day  and  showed  no 
tendency  to  rise  again. 

When  the  subsequent  membrane  deposition  was  made  the 
membrane  gave  the  usual  low  resistance  at  the  start,  ainount 
ing  to  only  6000  ohins,  indicating  that  the  membrane  had 
been  badly  ruptured  or  detached. 

It  was  at  tnis  point  that  it  was  decided  to  change 
from  75  volts  to  110  volts  for  the  deposition  of  the  mem- 
brane.  The  maxirria  of  resistance  with  the  larger  potential 
,vere  28000  ohiris,  36  000  ohms  and  41500  ohms  respectively. 

Experiment  II. 
0.50  Weight -Normal  Solution.   0.10  Nornral  Membrane 
Formers.   Potential=110  volts.   Cell  set  up  5:00  P.M., 
January  11,  1906. 

Pressure  was  developed  very  slowly  and  only  reached 
1.09  atmospheres  by  10:30  A.M.,  next  day.  There  seeined  no 
further  tendency  for  change  at  this  time,  so  the  cell  was 
taken  aov/n  and  allowed  to  soak  in  distilled  v/ater  for  some 
time.  The  membrane  was  then  reinforced  again  at  a  voltage 
of  110.   The  maxiiria  obtained  in  the  three  depositions  made 
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were  47800  ohms,  77400  otois  and  51300  ohms.   The  cell  was 
tiien  set  up  for  a  pressure  measurement. 

Experiment  III> 
0.50  Weight-Normal  Solution,   0,10  Norrrial  Membrane 
Formers,   Potential^ 110  volts.   Cell  set  up  4:45  P.M., 
January  15,  1906, 

In  this  experiment  there  was  no  development  of  pres- 
sure.  The  mechanical  pressure  placed  on  the  cell  contents 
in  attaching  the  nanometer  soon  subsided  and  there  was  no 
further  change. 

In  rinsing  the  cell  after  talcing  it  down,  the  wash 
water  was  found  to  have  a  slight  milky  appearance,  which 
was  shown  to  be  due  to  the  presence  of  some  of  the  detached 
membrane, 

A  lov/er  voltage  than  any  of  those  previously  used  was 
then  employed  for  the  further  treatment  of  the  membrane. 
The  potential  selected  v/as  37,5  volts.  With  this  lower 
voltage  the  resistances  were  not  so  high  as  those  previous- 
ly obtained.   Three  membran  depositions  were  made  before 
the  cell  v/as  set  up  for  a  measurement.   The  maxiina  obtained 
were  24900  ohiris,  37400  ohms  and  28700  ohms. 

Experiment  IV, 
'  0,50  Weight-Normal  Solution,   0.10  Normal  ^'!embrane 
Formers,   Potent ial= 37.5  volts.    Cell  set  up  3:10  P,M,, 
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January  17,  1906, 

Pressure  developed  very  slov/ly  and  only  reached  a 
maximuiri  of  1.43  atmospheres  after  20  hours.   As  this  change 
of  voltage  seemed  to  nave  no  decided  influence  on  the  ac- 
tivity of  the  membrane,  a  still  lov/er  potential  was  'enrtploy- 
ed.   That  selected  was  about  12  volts.   The  maxima  obtained 
here  were  14200  ohms  and  23400  ohms. 

Experiment  V. 
0,50  Weight-Normal  Solution.   0,10  Normal  Membrane 
rormers.   Potential- 12  volts.   Cell  set  up  5:00  P.M., 
January  19,  1906, 

Time.  Osmotic  Pressure  Corrected. 

January  20,   11:40  A.M.  1.81  atmospheres 

»    22   11:00   "  1,37      " 

The  cell  was  left  up  till  11:00  A.M, ,  January  23, 
but  no  sensible  change  in  pressure  occurred. 

The  menribrane  was   reinforced  again  at   12  volts  giving 
a  iraximunri  of   14700   ohms. 

Experiment  VI, 
0,50  Weight-Noriral   Solution,        0.10  Normal  Membrane 
Formers,   Potential=12  volts.        Cell  set   up  at   5:30  P,M,, 
January   25,    1906, 
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Obsejrvations, 

Time  Osmotic  Pressure  Cor- 

rected. 


January  25,  10:45  P.M. 

•  26,  10:45  A.M. 

•  "  7:50  P.M. 
■     27  10:45  A.M. 

•  28  11:50  A.M. 

•  29  10:15  A.M. 


2.40  atmosphere 
4.80  " 
5,88  " 
6.33  " 
6.61  " 
6.95      " 


After  such  a  small  increase  in  pressure  during  the 
last  48  hours  it  v/as  not  thought  advisable  to  allow  the 
cell  to  remain  up  longer,  though  the  experiment  as  a  v/hole 
seemed  encouraging,  since  there  was  such  a  decided  improve- 
ment over  any  previous  experiment  with  this  cell.   It  was 
hoped  that  the  employirient  of  the  lower  voltage  might  lead 
to  the  successful  development  of  the  membrane.   The  course 
nov/  adopted  was  to  thoroughly  repair  the  membrane  by  rein- 
forcing it  a  nurriber  of  times  before  trying  another  experi- 
ment.  The  maxiiria  ob^^ained  in  these  depositions  were  13000 
ohms,  15000  ohiTiS,  24000  ohms  and  15600  ohms. 

Experiment  VII. 
0.5  Weight-nomal  Solution.   0.10  Normal  Membrane 
Formers.    Potential=l2  volts.    Cell  set  up  at  5:00  P.M., 
February  3,  1906. 

The  maximum  pressure  in  this  experiment  was  1.03 
atmospheres.   The  cell  was  left  up  12  hours  after  this 
pressure  was  i^ached,  but  no  further  increase  took  place. 
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This  conduct  was  entirely  unexpected  and  on  exarrdnation  the 
solution  on  the  outside  of  the  cell  it  v/as  found  that  sugar 
had  leaked  through  the  membrane. 

As  the  time  vjhich  could  be  devoted  to  this  investi- 
gation was  exhausted  the  exj^eriments  were  discontinued. 

The  zinc  ferrocyanide  membrane  was  replaced  v/ith  a 
'membrane  of  copper  ferrocyanide.   The  maxima  of  resistance 
obtained  with  the  latter  jaembrane  were  106  500  ohins,  86000 
oliiTis  and  110  000  ohms. 

Experiment  VIII. 
0.50  Weight-Noriral  Solution.    0.10  Normal  Membrane 
'  Formers.   Potential=110  volts.   Cell  set  up  at  4; 50  P.M., 
February  14,  1906, 

The  mercury  colurin  began  to  rise  at  once  and  by 
10:30  P.M.  a  corrected  osmotic  px'essure  of  17.97  atmos- 
pheres had  been  reached;  which  v/as  maintained  until  the 
cell  was  taken  dovm  the  next  day. 

This  experiment  alone  is  sufficient  to  demonstrate 
that  the  cell  v/as  in  gooa  condition.  Moreover,  this  con- 
duct of  the  cell  v/as  repeated  in  subsequent  experiments. 


SIIMWARY  OF  RESULTS. 
Table  XIII. 
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Cell  .T.  Tine.  Ferrocyanide  Membrane. 


1^0. 
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Approxi- 
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age 

Mem- 
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Normal- 

ty  of 

Osraatic 
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Exp. 
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Theoret- 
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of  mem- 
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Formers 
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ed  At- 
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before 

exp. 

I. 
II. 

III. 

IV. 

V. 

VI. 


75 
75 
75 
75 
75 
75 


VII.  110 
VII  1.110 


4.-5,000 
40,000 
60,000 
56,900 
60,800 
46,000 
49,700 
39,300 


0.50 
0.50 
0.10 
0.10 
0.50 
0.50 
0.50 
0.50 


0.10 

2.75 

12.00 

0.10 

5.46 

n 

0.00 

0.00 

2.40 

0.10 

0.00 

w 

0.10 

5.74 

12.00 

0.10 

2.52 

n 

0.10 

1.52 

H 

0.50 

2.96 

N 

Cell  J.  Copper  Ferrocyanide  Membrane, 
IX.   110    2    121,400    0.50       0.10      12.02 


11.96 


Cell  K.  Tine  Ferrocyanide  Membrane. 


1. 

75 

4 

48,000 

0.50 

0.10 

1.00 

12.00 

II. 

110 

3 
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N 
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n 

V. 

12 

2 

23,400 
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0.10 

1.81 

n 

VI. 

12 

4 

14,700 

0.50 

0.10 

6.95 

N 

VII. 

12 

4 

15,600 

0.50 

0.10 

1.03 

Cell  K.  Copper  Ferrocyanide  Membrane 
VIII. 110    3    110,000    0.50       0.10     11.97 


12.00 
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Conclusions, 

The  foregoing  experiments  show  that  a  seiXij-penneable 
membrane  of  zinc  ferrocyaniae  can  be  j;'eadily  deposited  by 
means  of  the  electric  current  on  a  porous  wall  separating 
solutions  of  dcy^j^   sulphate  and  potassiunri  ferrocyaniae, 
"They  further  show  that  such  a  membrane  possesses  decided 
osmotic  activity,  as  was  pointed  out  by  Cax'ver,   However, 
the  membranes  deposited  under  the  conditions  employed  in 
this  v/crk  seem  unsuitable  for  the  lueusurement  of  iiigh  osmot 
ic  pressures. 

The  results  obtained  hardly  seem  capable  of  explan- 
ation on  any  other  basis  than  that  the  membrane  does  not 
adhere  finrily  to  the  cell  wall  and  is  easily  detached  eith- 
er during  manipulation  or  v/hile  under  pressure.   This  view 
e3q>lains  the  sudden  fall  in  pressure  which  so  often  occur- 
red after  the  pressure  had  begun  to  rise  at  a  good  rate,  as 
in  Experiment  II,  v/ith  cell  J.   On  the  other  hand,  it  often 
happened  that  after  a  development  of  pressure  a  repetition 
of  the  sairie  preliminary  treatment,  the  membrane  not  only 
failed  to  show  improvement  but  gave  poorer  results  than  in 
the  first  case,  as  for  instance  in  experiments  VI,  and  VII, 
with  cell  K,  conduct  v/hicn  is  also  capable  of  explanation 
on  the  above  view. 
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Again,  the  ease  with  which  the  membrane  could  be  de- 
tached from  the  cell  by  simple  agitation  with  water  is  a 
further  indication  of  the  imperfect  manner  in  which  it  is 
attached  to  the  cell  wall.   It  might  be  added  that  the  mem- 
brane x-errioved  in  this  v/ay  had  a  flaky  appearance,  an  observ- 
ation wiiich  seemed  to  confirrri  the  conclusion  that  in  the 
experiments  recorded  either  the  manipulation  in  attaching 
the  manometer  to  the  cell  or  the  pi-essure  developed  v/ithin 
the  cell  detached  portions  of  the  membrane  or  ruptured  the 
membrane  itself.   The  best  results  v;ere  obtained  in  exper- 
iment V,  with  cell  J,  arid  in  Experiirient  VI.  with  cell  K, 
though  in  both  cases  attempts  to  further  improve  the  mem- 
branes by  the  same  treatment  which  had  been  employed  in 
these  experiments  proved  fruitless. 

It  might,  therefore,  be  concluded  that  zinc  ferro- 
cyanide,  deposited  under  the  conditions  employed  in  this 
work,  cannot  be  deposited  on  the  rather  dense  v/alls  of  the 
cells  used  in  a  fonri  suitable  for  the  measurement  of  high 
osmotic  pressures. 

The  experience  in  working  with  this  membrane,  to- 
gether v/ith  the  experience  in  the  development  of  the  copper 
ferrocyanide  membrane  employed  in  the  first  part  of  this 
v/ork,  has  impressed  the  author  v/ith  the  importance  of  care- 
fully developing  and  thoroughly  testing  all  membranes,  to 
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to  make  sure  of  their  strength  and  activity  under  the  jjar- 
ticular  conditions  under  v/l:ich  they  are  to  be  employed  be- 
loi'e  proceeding   to   the   measurenient   of    osmotic   pressure. 
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